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This  Research  her;.oranji:un  t  resents  for  ;  ir  Force  cor.sideration  3o:re  sim¬ 


ple  an-.l  practical  propos-  Is  Tor 


provisioning  and  distrib¬ 


uting  -  those  items  for  u;.ich  detailed  intenoiv  .  .ma geiaent  is  not  appropriate 
for  exajr.ple,  lost  Category  II  and  III  itei.'s,  .hese  p-olicies  are  c  ■  :  lenientary 
to  deferred  procurement  policies  for  some  Category  I  items  r*-  While  either 
could  be  i  lemented  alone,  together  they  would  rovide  increased  supply  ef¬ 
fectiveness  and  economy  through  huyini-'  fewer  costly  parts  and  investii.g  some 
of  the  savir.r  in  base  stocks  of  cheap  items,  I’hey  would  ntail  more  .  anage- 
•'•ent  and  closer  control  of  thf  exrer.jiva  parts,  but  !<  creased  .ateriel  move¬ 
ment,  I'aper  •  rocessir  -  ^nd  priority  resupply  of  the  low-cost  parts, 


The  research  und  rlying  tnis  Temorandu'.  leads  to  the  folloidV;  con¬ 


clusions* 


A,  Stocka'^e  rules  should  consider; 

1.  ijqoected  mean  demand  for  each  item . 

2.  Variability  of  demand 

3.  Unit  value 

4.  Cost  of  incurring  a  reorier 

5.  Coat  of  holding  the  Operating  Stocks 

6.  Cost  of  expected  terminal  obsolescence  (ter.  i' nation  of  Uie  pro¬ 
gram  being  supporttd) 

7.  .;<pected  sliortage  cost 

8.  iuisupply  and  "rooure..cnt  pipeline  times. 


J,  V.',  Petersen,  Saving.s  from  Procurement  Deferral  v.lth  Inter! ..  Con¬ 
tractor  Support;  The  Case  of  high  Value  Airframe  Spares.  The  RAT'D  Corpor¬ 
ation  Research  'e.mo  rand  urn  RJ‘i-2085,  10  January  1958, 
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B.  The  dynamics  of  weapon-system  or  other  program  phase-in  or  phase-out 
can  be  taken  into  account  effectively  by 

1.  Limited  depot  etockage  during  the  early  part  of  a  program,  and 
subseouently  stocking  the  depot  to  its  full  Stock  Control  Level 

2.  Gathering  and  analyzing  consumption  data  Intensively  early  in 
the  phase-in  and  reacting  to  that  information 

3.  Using  a  "final  buy"  calculation  during  the  later  stares  of  the 
propram  -ndifor  sone  of  the  least  costly  low-denand  iteriSj  early 
in  tlie  jirogra:n;  and 

4.  Using  a  "terminal  buy"  c  Iculat.ion  at  the  time  ’/dien  an  item  is 
expected  to  o  out  of  production, 

C.  With  an  integrated  data  processing  system,  these  results  can  be 
largely  achieved  by  using  the  equations  developed  in  the  mathematical  appen- 
di  X.  With  a  manual  data  processing  system  and  local  determination  of  levels, 
tables  based  upon  the  formulas  can  be  used  by  clerical  personnel  to  set  the 
appropriate  levels. 

D.  The  Air  Force  can  Increase  supply  effectiveness,  decrease  personnel 
pressures  in  supply  and  achieve  dollar  economies  by  adopting  the  policies 
described  and  proposed  in  this  Memorandum. 

E.  Because  the  propost.d  policies  permit  reduced  management  per  line 
item,  their  use  should  free  management  to  manage  the  more  costly  and  critical 
items  better,  or,  alternatively,  it  might  permit  reducing  somewhat  base-level 
manning  where  (as  in  hardened  missile  Installations)  there  Is  a  premium  on 
personnel  space. 

P.  Further  research  is  needed  at  RAND  to  extend  the  scope  of  the  study, 
and  further  developmental  studies  are  renuired,  particularly  In  the  Air  Force, 
to  derive  adaouate  estimates  of  cost  ani  other  parameters. 

G.  The  rapid  development  of  an  integrated  data  processing  system  will 
Improve  the  application  of  these  as  well  as  other  supply  policies. 
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This  Memoranrlum  is  concerned  vdth  aircraft  parts  and  other  technical 
items,  not  necessarily  with  o’.iarter'naster  or  bulk  items.  Inasmuch  as  we 
do  not  yet  have  formal  solutions  for  certain  of  the  reparable  items,  the 
policies  described  cover  nonreparables  and,  when  applied  to  base  stockage, 
parts  repaired  at  tiie  depot.  Some  significant  error  would  result  if  parts 
repaired  on  the  base  were  stocked  at  the  base  in  accoriance  with  these  rules, 
ijimilarly,  for  determining  depot  stock  levels,  parts  repaired  at  th;f  depot 
should  not  be  .stocked  as  (iescribed  below,  lienee,  tins  Memorandum  applies 
without  modification  to  virtually  all  Caterory  III  ite::is  and  to  the  non- 
recovernble  Category  II  items. 

The  study  covers  the  question  of  how  much  to  stock  of  line  items  for 
which  the  decision  has  already  been  made  thr t  they  be  brought  into  the  in¬ 
ventory,  It  covers,  then,  th.e  depth  of  stock.age,  but  not  the  breadth  or 
range  of  items  tliat  should  be  stocked.  This  range  problem  is  an  important 
one,  on  which  work  is  under  way. 

In  studying  this  problem,  the  aim  has  beer,  to  jevclop  policies  •.•.nich 
would  result  in  near-minimum  system  cost  and  still  be  practical,  Ihe  ap¬ 
proach  is  to  consider  each  item  as  independent  of  the  others  in  Mi*  inven¬ 
tory,  First  the  bas'  lev'  Is,  then  the  depot  levels  are  det  mined;  for  each, 
the  Order  Quantity  (Q),  wr.ich  estr:hli.shes  the  amount  of  the  Operating  Stocks, 
tl'.en  the  Reorder  Point  (il),  which  establishes  the  amount  of  the  Safety  and 
Pipeline  Stocks,  are  determined.  Together  Q  plus  R,  of  course,  constitute 
the  Stock  Control  Level  (SCL), 

For  any  given  annual  demand  rate,  the  size  of  Q  fixes  th<  averai'e  fre¬ 
quency  with  wi.ich  orders  must  be  placed  a.s  well  as  the  size  of  thf  Operating 
Stocks,  The  more  frequent  the  reoi'ders,  the  greater  the  supply  workload  and 
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the  greater  its  cost.  Since  Category  II  auod  III  parts  account  for  as  much  as 
99  percent  of  the  depot-to-base  issues,  it  is  desirable  to  have  infrequent 
orders  for  each  line  item,  '  his  requires  a  relatively  large  Order  Quantity, 
and  a  relatively  large  investment  in  Operating  fitocks.  Therefore,  the  high¬ 
er  the  price  of  tne  Item  th  smaller  Q  should  be.  The  proposed  policies  bal¬ 
ance  the  cost  of  holding  an  item  ag;  inst  the  cost  of  frequent  reorders. 

The  Reorder  Point  establishes  the  level  of  the  Safety  and  Pipeline  itocks 
vhich  seirve  to  provide  protection  during  the  resupply  cycle.  In  deter¬ 
minin'*  R,  account  is  taken  not  only  of  the  der.and  rate  but  .iljo  of  th'  var¬ 
iability  in  demand,  considering  vviiatever  is  knom  about  the  probability  as¬ 
pects  of  demand  for  rroups  of  parts,  pipeline  time  is  also  considered  -  the 
longer  it  is,  the  larger  the  Safety  and  Fipeline  Stocks  should  be  because  of 
the  greater  risk  of  a  shortage  during  the  pip»-lin'-  time.  Given  the  demand 
rate,  the  Order  Quantity  determines  how  frequently  the  Safety  and  Pipeline 
Stock  is  dipped  into  and,  tl.erefore,  how  frer^uently  the  risk  of  a  shortage 
is  run. 

In  addition,  the  shortage  cost,  i.e.,  the  expected  cost  to  the  Air  Force 
of  overcoming  a  shortage,  is  considered.  The  rdnLmum  cost  of  a  shortage  ap¬ 
pears  to  be  the  cost  of  priority  actions.  To  this  mini’um  should  be  added, 
in  some  circumstances,  sucii  costs  as  that  of  local  manufacture,  the  cost  of 
keeping  a  higher  assembly  oti  hand,  or  even  the  cost  of  i..alntrining  an  extra 
aircraft  (or  missile)  to  substitute  for  an  AOCP  (or  POCP)  caused  by  a  short¬ 
age. 

The  higher  the  demajid,  the  more  frequent  the  orders,  the  longer  the 
pipeline  time,  and  the  greatvr  the  shortage  cost,  the  higher  the  economical 
Reorder  Point,  Against  this  must  be  balanced  the  invest,  lent  cost.  The  higher 
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the  unit  cost  and  the  higher  the  cost  of  keeping  items,  the  lower  the  Reorder 
Point  should  be. 

These,  then,  are  the  factors  considered  in  determining  the  Order  Quantity 
and  the  Reorder  Point: 

Order  Quantity  Reorder  Point 

Demand  Rate  Demand  Rate 

Unit  Cost  Variation  in  Demand 

Holding  Cost  Unit  Cost 

Reorder  Cost  Keeping  Cost 

Pipeline  Time 
Order  Quantity 

Equations  have  been  developed  to  take  these  factors  into  account  with  a  ,^ood 
approximation  of  a  theoretically  ideal  solution.  From  these  equations,  tables 
such  as  that  in  Figure  1  are  developed.  Such  tables  are  proposed  for  use  at 
base  level.  With  them,  complex  procedures  could  be  avoided,  but  full  advan¬ 
tage  could  be  taken  of  the  relatively  complete  and  efficient  decision  rules 
underlying  them. 

In  Figure  1  the  demand  rate  is  shown  across  the  top,  increasing  from 
left  to  right.  The  price  is  shown  increasing  from  top  to  bottom.  As  demand 
increases.  Reorder  Points  and  Order  Quantities  increase.  On  the  other  hand, 
as  the  price  Increases  both  fall.  For  the  very  high-priced  items  in  Category  II, 
the  Reorder  Points  and  Order  Quantities  are  very  small.  Some  large  Stock 
Control  Levels  appear  in  the  upper  left  corner  of  the  chart.  These  figures 
can  readily  be  rounded  to  dozens  or  dollars'  worth,  to  unit  pack,  or  any  other 
convenient  unit. 

In  stocking  a  base  initially  for  a  new  weapon,  the  Stock  Control  Level 
would  be  placed  at  the  base.  By  stocking  several  years*  supply  of  the  che^s 
low-demand  parts,  the  danger  of  a  shortage  is  nearly  ell-dnated,  nnd  the 
chance  of  having  to  incur  the  reorder  cost  during  th^  program  is  made  small. 


Base  stock  levels 
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Tables  could  be  p)’ej.ared  al  some  central  point,  usinj.  e:  tb.er  manual 
or  computer  metho-ls,  and  diat.rlbuted  to  the  beoet.  Alternatively,  such 
tables  could  be  used  by,  say,  a  Weapon  S'^etera  Supply  !^ana^er  to  set  the 
Order  Quantities  and  Reorder  Points  directly,  With  integrated  data  processin;’, 
the  levels  could  be  determined  by  the  Data  Processing  Center,  followin':  the 
equations  upon  which  such  tables  are  based. 

To  be  practical,  these  policies  must  handle  phase-in  and  phuse-oul. 

For  common  pai'ts  the  phase  of  life  of  any  particxilar  weapon  i:;  relatively 
unimportant,  but  stockage  of  par!  s  peculiar  to  a  weapon  siiould,  cf  course, 
reflect  its  pi-orrari.  For  individual  bases,  where  the  transitior;  to  a  new 
wea;x3n  is  relatively  abruj  L,  no  chan,,e  in  ths  decision  i*ules  is  lequired. 

As  the  c-nd  of  a  prograur  apj  I'oachcs  at  any  base,  the  Order  Quantity  should 
be  adjusted  to  support  t.he  exp-ected  rer.iaininp.  life  of  th_  pix).Ta”.i  a  do'wn- 
ward  adjustment  is  typically  called  for. 

Giver,  the  base  stocka/'€  rules  which  handle  stock  diL-triv^ulion,  uhe 
depot-stockage  and,  hence,  requirements  ruies  are  developed.  The  sane 
factors  ax*e  used  af.  in  base  3tockat:e;  but  come  of  ths  loniis  have  somewhat 
different  meanings  in  the  depot-  case.  For  a  l.ong  stable  pro-Tar.  tl.e 
principles  of  base  ai'id  depot  stockage  are  very  similar,  but  th.o  .lynandcs 
of  phase-in  and  rhase-out  have  much  greater  impact  upon  t>ie  -iepot  than  upon 
the  base. 

During  tlie  phase-in,  the  depot  must  support  a  program  with 

little  demand'  experience  for  individual  parts.  For  many  items  the  bases 
will  have  several  years’  stocks  from  the  beginning.  If  the  phaoe-in  is 
gradual  and  tlie  procurement  leadtime  is  short,  it  may  be  poaeible  for  the 
depot  to  take  advantage  of  this  situation  and  stock  little  more  than  its 
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Reorder  Points,  waiting  until  it  h.-’ji  hni  demands  from  the  banes  and  experience 
vith  the  prograni  before  bringing  l‘:->  stocks  up  to  their  Stock  Control  Levels. 
Computations  have  been  develo])ed,  adjusting  depot  Order  Quantities  and  Re¬ 
order  Points  as  the  phase-out  approaches,  to  take  account  of  the  termination 
of  production  of  peculiar  parts  and  the  declining  demand  for  them. 

The  proposed  policies  appear  to  pi-ovlde  close  to  optimal  solutions  to 
the  system  stockage  pioblems.  They  constitute  consistent  distribution  and 
requirements  rules  which  are  practical  within  the  present  data  processing 
system  and  organization  and  vdiicn  cain  bo  applied  with  little  modification 
in  an  integrated  data  processinr  system.  They  appear  to  take  into  account 
all  of  the  major  relevant  factor?.  But,  what  evidence  is  there  that  they 
will  work  in  fact? 

In  the  first  experLment  in  the  Logistics  Systeja  Laboratory  (LP-l)  the 
results  of  applyirrg  these  policies  were  compared  witn  the  results  of  applying 
a  sot  of  policies  >.115  01;  Air  Force  members  of  the  Laboratory  staff  developed 
as  an  approximation  to  the  current-  best  practice  in  the  Air  Force,  In 
general,  the  proposed  policies  for  iow  and  medium,  value  pc;'!.?  compared 
extremely  favorably.  This  comparison  took  account  of  C'^mplete  base  and  depot 
stockage  rollcles,  3,e,^  ■iistrioution  and  requirements  in  o.  dynamic  situation 
in  which  readiness  to  fight  a  simulated  war  was  demanded  of  loth  systems. 

The  pi*opo8ed  roj  t  eles  reyrlted  in  far  fewer  aOCP*;?,  slightly  fewer 
AL'FK^s,  and  less  than  10  per  cent  .as  many  priority  actions  as  did  the  alter¬ 
native  system.  Further,  tliey  coat  less  in  terms  of  supply  workload. 

To  conclude  this  sunmary  statement,  this  Memorandum  presents  policies 

for  stocking  nonrecoverable  items  at  b.ise  and  depot  level.  Thair  application 

promises  substantial  economies  in  dollars  and  in  personnel  and,  particularly^ 

large  improvement  in  the  effectiveness  of  the  supply  support  of  the  combat 
forces. 
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This  liesetiroh  ileioraiidum  covers  the  scttint;  oC  base  and  depot  levels  for 
items  which  the  activity  in  -^ui-stion  does  not  repair,  Ttie  setting;  of  levels 
for  items  vd-ich  f'l'.  activity  in  question  does  reroir  includes  .r.uci’.  of  the 
formulation  discussed  :  ere  but  re  uo'res  ti'e  anrlication  of  some  niditional 
principles. 

The  methods  •iescribed  iiere  were  developed  principally  by  A.  J,  Clark  md 
the  authors  and  ar-  xt^nsions,  cc  -rections,  an  i  -oir;plificatirriS  of  the  pro¬ 
cedures  described  by  b,  h.  3craan  and  Clark  in  An  Opthnal  Inventory  Policy  for 
a  hilitary  Crrarization  (fhe  .v/d  U  Corporation  i'ajrer  P-647>  30  March  1955), 
and  by  Clark  in  A  Technique  for  Optiimil  Distribution  of  /vailable  Stocks  to 
Bases  (The  3AKD  Corporation  .research  Memorandum  lii'.-l621,  30  January  1956), 

The  extension  to  tiie  short-pro. -ram  case  has  beer  si-u.  lified  \)y  comr'P.rison 
with  the  results  of  un.  u.-lished  studies  by  }!,  i.’.  Karr,  usinr,  a  dynaroic  pro- 
(3rar’inr  odt.'l  for  -"^ocurement  decisions. 

These  folioits  have  foti.ied  a  v;aior  p.ortion  of  ti''  first  iro^ect  'n  the 
HAND  Lo;;i3tics  .'}yste:.:s  Labvsrctory  (LP-1), 


C0:JTr.NT5 
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I.  IlITKOnUGTION 


A.  Scope  and  Approach 

There  is  at  present  a  great  deal  of  interest  in  the  Air  Force  and  else- 

v/here  in  the  defense  establiaiiment  in  L’lr.roving  the  management  of  the  costly 

inventories  of  spare  parts,  Hi-Valu  and  Lo-Valu  programs  are  now  under  way 

In  tie  Air  Materiel  Comrajid,  and  Headquarters  USAF  has  initiated  a  Supply 

Improvement  Program,  RAND  has  done  research  in  this  general  area  for  some 

years, ^  The  present  study,  dealii.g  with  those  items  for  which  detailed  line- 

item  management  is  not  appropriate,  is  complemented  by  the  work  on  deferred 

2 

procurement  of  Hi-Valu  items. 

Policies  for  the  provisioning  and  distribution  of  support  for  tlie  major 
missiles  must  be  firmed  up  in  the  near  future,  'Similarly,  the  development 
of  electronic  Data  Processing  >  nters  in  the  Air  Materiel  Coa-and  may  present 
an  especially  good  opportunity  for  introducing  new  policies  over  the  ne*t  few 
years.  Specifically,  within  the  ne>:t  year  the  HECTRO  LOGS  Project  at  Okla¬ 
homa  City  Air  Materiel  Area  may  be  in  a  position  to  intro  uce  some  of  these 
policies  after  thv  completion  of  operational  testing  and  evaluation  of  the 
Inventory-Control  phase. 

This  paper  presents  simple  and  practical  provisionin’  and  distribution 
calculations  for  items  which  do  not  justify  detailed  manage.tnt,  such  as 
Category  III  and  ncnrecoverable  Category  II  parts. 


R,  B,  McNeill,  E,  D,  Berman,  A,  J,  Clark,  H,  h’.  Nelson,  A  Proposal  for 
a  New  Air  Force  Supply  Procedure.  The  RAND  Corporation  Research  Memorandum 
RK-1417,  2B  January  1955, 

2 

J,  W,  Petersen,  Savings  from  Procurement  Deferral  with  Interim  Contractor 
Support;  The  Case  of  High  Value  Alrfrarie  Spares,  The  RAND  Corporation  Research 
Manorandum  RM-2085,  10  January  1958. 
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The  characteristics  of  a  practical  method  are; 

1.  It  can  deal  with  the  uncertain  and  erratic  demands,  characteristic 
of  the  supply  system, 

2.  It  has  reasonable  data  requirements, 

3«  It  is  co:.patible  with  the  present  mnual  and  punched-card 
data-processing:  practice  vdth  local  detenni.nation  of  stock 
levels,  but  it  is  also  compatible  with  integrated  data- 
processing;  and  centrally-controlled  resupply;  it  should 
also  provide  rules  from  which  the  necessary  machine  appli¬ 
cations  for  an  integrated  system  can  be  developed, 

4,  It  must  provide  effective  stockage  rules  vinder  the  dynamic 
conditions  of  weat'ons*  phasing-in  and  -out. 

Simplicity  of  conputation  is  achieved  by  using,  at  least  for  the  cheap¬ 
est  parts,  approximate,  rather  than  rigorously  optimal,  formulae  for  deter¬ 
mining  the  appropriate  stock  levels.  Simplicity  in  operation  can  be  achieved 
by  printing  and  distributing  a  small  number  of  tables  to  each  br.se  for  the 
use  of  supply  personnel. 

The  methods  appear  to  be  applicable  to  th«:  bulk  of  the  parts  in  Cate¬ 
gories  II  and  III;  however,  there  are  some  exceptions.  No  attempt  is  made 
to  treat  problems  associated  with  the  long  service  life  of  some  parts,  or 
the  special  problems  associated  with  dated  items,  ihe  former  may  be  important 
in  the  case  of  many  Hi-Valu  parts,  but  it  does  not  appear  to  be  of  major  sig- 
nificaince  for  most  lower-cost  ones.  Further,  the  methods  do  not  apply  to 
quartermaster,  bulk  or  local-manufacture  items. 

The  general  approach  is  to  find  economical  base^  stock  levels  on  an 
item-by-item  basis.  After  we  find  the  econonical  base  levels,  dtpot  or 
storage-site  levels  are  set  which  will  provide  effective  support  for  the 
bases. 


For  purposes  of  setting  stock  levels,  parts-repair  depots  and  IRAN 
depots  arc  considered  to  be  the  same  as  bases;  they  might  have  different 
pipeline  times  and,  of  course,  different  demand  rates,  but  they  are  con- 
surdng  activities  and,  in  that  sense,  are  like  other  bases. 
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The  co".putational  nethoia  Jiscussed  in  this  paper  may  be  used  to  set 
base  and  depot  stock  levels  for  nonrecoverablc  line  items  ’.>dth  a  lonp  and 
stable  base  I'rograai  or  ciurir.g  thi  i>hase-in  or  the  phase-out  of  a  weapon  or 
other  end  item.  The  methods  are  also  applicable  to  reparable  items  at 
activities  which  io  not  repair  the  items  in  question. 

The  paper  is  subject  to  two  important  limitations.  First,  it  is  con¬ 
fined  to  the  question:  .Tiven  the  affirmative  decision  to  stock  an  item  at 
an  activity,  how  much  shoxild  be  stocked?  The  determination  of  what  to 
stock  is  outside  the  ^cope  of  his  •  aper,  Second,  the  paper  does  not  deni 
with  the  stocka^-e  of  all  reparable  parts,  but  only  with  those  parts  which 
are  not  normally  reparable  at  the  acti'/ity  in  question.  Thus  it  deals  only 
with  stocking  those  parts  which  are  consumed  when  they  arc  used  or  wliich,  if 
reparable,  go  off  base  for  repair,  Ir  both  these  case,  deiru'-nd  for  a  part 
can  be  satisfied  only  with  a  part  from  so  e  outside  source.  In  the  other 
case  where  a  part  can  be  repaired  on  base,  a  demand  for  a  part  can  be  met 
either  from  an  off-base  or  an  on-base,  i,e,,  maintenance,  source,  T’he 
aiabipuity  in  the  latter  case  introduces  problems  which  have  not  been  com¬ 
pletely  worked  out. 

B,  The  Problem 

The  major  characteristics  of  the  Air  Force  supply  oyster;;  are  widely 
known,  but  it  nay  be  well  to  summarize  tiie  relevant  ones  briefly  as  a  con¬ 
text  for  the  discussion  to  follow. 

The  vast  majority  of  the  parts  in  the  Air  Force  supply  systei:  are  lov^- 
cost  parts,  and  the  r'reat  bulk  of  the  supply  activity  measured  in  terns  of 
the  numbers  of  parts  issued  or  consumed  is  sijnilarly  concentrated  in  the 
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lov^^ost  iteriis.^  Since  t  .ere  are  :iiany  hxindreds  of  thousands  of  such  parts 
in  the  Air  Force  invtr  tory,^  it  is  not  possible  -  certainly  not  economical  - 
to  devote  a  great  deal  of  nianageiaent  to  the  control  of  each  item,  Oji  the 
other  hand,  these  parts  must  :e  ■.-■r.ar’el  effectively,  since  it  has  beeji  the 
experience  of  th"  Air  Force  that  a  very  lar.'-e  fraction  of  .mpply  difficulties 
are  caused  by  inexpensive  parts, 3  Post  supoly  activity  is  accounted  for  by 
the  cheap  parts.  On  th*^  other  hand,  th*  bulk  of  the  investment  is  in  the 
amall  fraction  of  exrensivt  parts. 

These  characteristics  of  the  supply  system  are  reflected  in  Tables  1 
and  2,  w^iich  show  the  base  level  eqserience  foi-  two  quite  different  aircraft 
in  two  widely  separated  periods,  T.'ble  1  shows  very  detailed  B-47  experience 
at  March  and  i'cDill  Air  Force  hases  iuring  1953  and  1954,  Table  2  s;;ow3 
F-86D  experience  at  Clovis  Air  Force  Base  in  19if.  Both  tables  show  base 
level  supply  activity  for  rou'-hly  the  eouivalent  of  a  base-year,  broken  down 
by  price  .and  issue-rate  groupin.-'s,  fckich  shows  the  percent  of  total  active 
line  items,  the  tiercer.t  of  total  transactions  and  tlie  percent  of  the  value 
of  transactions  accounted  for-  by  eoch  price-demand  group,  V.'hile  the  tables 
differ  in  detail,  their  general  characteristics  are  much  the  sar.e.  Both 
clearly  inriicate  the  concentration  of  line  iteins  in  the  very  low-price,  very 
low-demand  groups,  the  concertratior.  of  supplj'  activity  -  as  reflected  in 

^  Bernice  B,  Brown,  Characteristics  of  bemani  for  Aircraft  Spare  Farts, 
The  RAND  Corporation  .report  R-292,  J^y  1956, 

2 

M,  A,  Geisler  and  A,  a,  Kirkovich,  Analysis  of  d'orldwlde  Data  on  Air¬ 
craft  Spare  Parts  as  to  Unit  Cost,  fiuantity  and  Value  Issued,  and  Ir.ventory 
Value,  The  RAND  Corporation  .Research  Pemorondun  HM-1481.  6  May  1955 « 

3 

H,  W,  Karr,  Analysis  of  3-47  AOCP  lixperience.  The  RAND  Corporation 
Research  Kemorandun  .RiM-1340,  14  September  1954* 
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Table  T. 


Demand  Focperience  for  B-47 

^-ircraf  t 

Farts  over  13CC  Aircrafl-’tonths^ 

Unit  Cost 

Demand  per  100  Aircraft-Itonlhs 

(Dollars) 

Under  0.1 

C.1-C.9  1.0-9. 9 

10.0  and  Over 

%  Line  Items 

2.7 

• 

O 

• 

O 

0.02 

600  and 
over 

%  Quantity 
Demanded 

0.01 

0.1  0.4 

0.2 

%  Dollar  Value 
Demanded 

0.4 

9.2  39.2 

36.7 

%  Line  Items 

16.4 

2.5  1.1 

0.1 

10  -  600 

%  Quantity 
Deiiianied 

0.1 

0  ®  V  X  ♦  t' 

1.3 

%  Dollar  Value 
Demanded 

0.2 

1.7  7.0 

Line  Items 

58.9 

7.7  6.5 

3.0 

Under  10 

%  Quantity 
Demanded 

0.1 

1.7  12. G 

81.3 

%  Collar  Value 
Demanded 

C.O 

0.1  0.3 

0.5 

ToteJ  Line  Iteiuc: 

26, 4m 5; 

from  Itaster  Spare 

Parts  List 

To'lal  i^aantlly  Derr, ended:  c35»33^  Parts 
Total  Value  Dcniaiided:  20.4  million  dollars 


^The  data  vere  collected  at  >tarch,  T-tacDill  and  Fairford  \ir  Force  Bases 
in  1953  and  were  previously  published  in  M,  A,  Gei alerts  Analysir  oi  Rase 
Stockage  Policies,  the  RAliD  Corporation  Research  Mcmoranduir.  1431,  1?  February 
1955,  p.4. 
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transactiona  -  in  the  low-price,  hif^-dejn?ind  group  and  the  concentration  of 
dollar  value  of  transactions  in  the  very  few  hi.rh-value,  relatively  higli- 
demand  cells.  All  the  data  available  at  aANI)  indicate  that  these  charac¬ 
teristics  are  typical,^ 

Alx.ost  any  supply  system  would  function  effectively  if  there  were  a 
smooth  flow  of  issues  as  in  Firure  2,^  Issues  would  be  made  until  the 
Reorder  Point  was  reached,  then  additional  stock  would  be  ordered  up  to 
the  3tock  Control  Level,  Issues  wotild  continue  durinp  the  pipeline  time. 

By  the  time  the  new  order  arrived,  thf  stock  on  hand  would  be  down  to  the 
safety  level,  which  would  be  needed  only  if  pipelines  were  interrupted. 

With  no  uncertainties,  it  mirht  be  possible  by  trial  and  error  to  estab¬ 
lish  adequate  Reorder  !  oir'ts  and  Order  .’uantities.  However,  there  uncer¬ 
tainty,  Pipeline  times  vary,  so  ther*^  is  no  assurance  thrt  st.ocks  ■••.111  ar¬ 
rive  whien  they  arc  expected,  Pore  Lra  orttint,  der-ands  do  not  occur’  in  neat 
order,  one  per  week,  or  one  every  month,  or  anything  of  trie  sort,  Fi.'ure  3 
is  a  more  typical  representation  of  an  actual  sequence  of  base  demand  over  a 
period  of  35  weeks  for  a  particular  item.  This  is,  if  anything,  a  less  errat¬ 
ic  demand  pattern  than  is  tynical;  yet,  in  snite  of  the  fact  that  this  part 
had  a  r'.ean  demand  of  1,7  units  i  er  wt  ek,  there  were  many  weeks  when  it  v/as 


Bernice  B.  Brown  and  i’.  A,  Geisler,  Analysis  of  tlie  Demani  Patterns 
for  B— 47  Airframe  Parts  at  Air  Base  Level,  The  HA-I’D  Corporation  aosearch 
Memoran  i\jm  RI'-1297,  27  July  1954;  L,  A.  Ceisler  and  A,  R,  Lirkovich,  Analysis 
of  the  Flylnp  Act-vity  ami  Bpare  Parts  remand  of  F-86D  Aircraft  at  Perrin 
Air  Force  Base,  1  3epte:nber  1933  -  28  February'-  1954.  The  BALD  Corporation 
Research  Kemorandun  4  June  1955;  idem.  Analysis  of  '.'Orldwide  Data 

on  Aircraft  Spare  Parts  as  to  Unit  Cost,  Quantity  and  Value  Issued,  and  In- 
ventonr  Value.  The  RAKD  Corporation  Research  memorandum  i-d-'.-1481.  6  May  1955, 

2 

The  figure  also  serves  to  ccfir.e  soae  of  the  l  ey  terms  which  will  be 
used  throughout  the  discussion. 


Some  definitions 


Unit  price  =  $ 
Meon  demond: 
I  7  per  week 


demond  pattern  for  a  gasket 
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not  demanded  at  all ,  an  1  several  weeks  in  vrtiich  there  were  rleniande  as  high 
as  9. 

If  the  irule,  "stock  '>0  days'  st  )ck  plus  the  expected  number  of  demands 
during  the  pipeline  time  j.lus  a  15-day  safety  level,"  were  rigidly  applied 
to  the  23-ccnt  gasket,  the  solid  line  in  Figure  4  would  show  how  the  stock 
on  hand  at  a  base  would  fluctuate  over  a  period  of  35  weeks.  There  arc  some 
stockouts,  (Stockouts  for  the  cheap  items,  such  as  this  23-cent  item,  have 
been  a  major  cause  of  criticism  of  Air  Force  stockage  policy.) 

Further,  if  that  rule  were  followed,  three  reorders  would  have  been 
placed  vdiile  some  68  parts  were  demanded.  If  it  costs  as  little  as  '15  to 
process  an  order,  115  would  ^;ave  been  spent  on  reorders  to  support  115,64 
worth  of  consumption. 

What  do  these  facts  .  .ean  for  stockare  policy?  To  the  extent  that  'ood 
management  should  be  directed  toward  dollar  economy,  it  is  desirable  to  con¬ 
centrate  it  on  the  sraall  fraction  of  hi  -h-value  items.  It  is  desirable  to 
buy  the  i  in  ninirial  quantities  .nd  to  control  then  closely,  lince  they  are 
few,  this  may  be  entirely  ••  ractical  rnd  is,  of  course,  the  objective  of  the 
Hi-Valu  pro  -ram,  however,  in  view  of  th?  great  number  of  less  expensive 
parts,  it  is  Impractical  to  attempt  to  control  ther..-  in  that  fashion,  and  be¬ 
cause  so  little  is  invested  in  the...,  in  relative  ter- .s,  tiicre  is  no  economic 
Justification  for  doing  so.  Further,  since  large  proportion  of  the  supply- 
activity  is  accounted  for  by  the  cheap  parts,  it  is  only  by  curt'iling  the 
administration  ani  i'nna'’eT’.ent  of  them  that  manaremont  res  urces  will  be 
freed  to  control  properly  the  higher-cost  itcr.s,  .he  low-value  parts,  'now- 
ever,  cen  and  do  ground  weapons  and  stop  .maintenonce  lines,  so  they  can  by 
no  means  be  ignored. 
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Fig. 4  —  Pattern  of  base  stocks  on  hand  and  due-in 
For  some  gasket  (see  fig  3) 
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Scund  management,  therefore,  appears  to  call  for  striking  a  balance 
amOTg  the  costs  of  managing  the  different  kinds  of  items,  the  consequence 
of  shortages  of  them  and  the  coats  of  inresting  in  and  holding  them.  The 
study  reported  here  does  that.  The  methods  proposed  are  sufficiently  simple 
to  permit  their  use  in  the  management  of  the  masses  of  lower-cost  items, 
with  considerable  improrement  in  the  effectiveness  of  supply  support  of  the 
operational  units.  The  policies  call  for  large  base  stocks  and  infrequent 
requisitions  of  the  cheapest  parts  so  as  to  reduce  greatly  the  risks  of 
shortages  of  the  cheap  parts  aixi  the  costs  of  processing  them.  On  the  other 
hand,  to  reduce  the  investment  in  the  higher-cost  items,  much  smaller  stocks 
and  more  frequent  reorders  are  appropriate. 

The  paper  is  organized  as  follows: 

This  introductory  chapter  describes  the  organization  and  scope  of  the 
paper  and  defines  the  problem  of  setting  efficient  stock  levels. 

In  Chapter  II,  the  principles  of  efficient  stockage  are  stated  and  used 
to  compute  a  sample  table  of  economical  base  stock  levels  under  a  stable 
program.  These  stock  levels  are  then  compared  with  the  base  levels  which 
would  result  from  rigid  application  of  the  general  rules  stated  in  the  Air 
Force  Supply  Manual,^ 

Chapter  III  takes  up  the  effect  of  some  dynamic  considerations  on  base 
stock  levels:  the  setting  of  quantities  for  Initial -support  tables  and  the 


^Air  Force  Manual  67-1.  This  manual  is  referred  to  as  "67~1”.  E|7  the 

”67’-l  system”  is  meant  the  rules  calling  for  a  reorder  of  the  number  of  units 
expected,  on  the  average,  to  be  issued  in  a  period  equal  to  15  days,  plus 
the  length  of  the  routine  pipeline  time  and  an  operating  period  of  6X)  days 
for  Cost  Category  II  items  and  90  days  for  Cost  Category  III  items* 

In  many  areas,  the  Air  Force  applies  stockage  policies  which  are  dif¬ 
ferent  from  and  improvements  over  the  "67-1”  system,  but  the  ”67-1”  system 
provides  a  ready  bmch  mark  with  which  the  proposed  rules  may  be  con^pared, 
and,  further,  for  purposes  of  comparison  our  set  of  general  rules  can  best 
be  related  to  some  other  set  of  general  rules. 
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setting  of  lerels  as  the  phase-out  of  a  weapon  or  program  approaches* 

Chapter  IV,  "Depot  or  Storage-Site  Stock  Lerels”,  parallels  the  dis¬ 
cussion  in  Chapters  II  and  III,  first  taking  up  the  stable- program  case 
and  setting  lerels  so  that  efficient  support  maj  be  glren  to  bases;  and 
then,  the  dynamic  aspects  of  deteznnining  depot  Order  Quantities  and  Reorder 
Points, 

Chapter  V  describes  the  Data  Requirements  of  the  proposed  policies 
and  discusses  their  sensitivity  to  Inaccuracies  in  the  data* 

Chapter  VI  lists  the  conclusions  which  may  be  drawn  from  this  study* 
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II.  BASE  LEVELS  UNDER  STABLE  CONDITIONS 

The  present  chapter  is  basic  to  the  whole  discussion.  It  develops  the 
fundamental  principles  which  will  be  elaborated  and  modified  later  on  to  take 
account  of  dynamic  and  system  stockage  problems.  Specifically,  this  chapter 
develaps  formulas  proposed  for  the  computation  of  base  Reorder  Points  (for 
determining  when  to  resupply)  and  base  Order  Quantities  (how  much  to  ship  at 
a  time)  for  a  stable  program. 

Two  sets  of  equations  are  developed.  A  rather  rigorous  set  is  derived 
in  Appendix  I,  but  most  of  the  discussion  in  the  text  of  this  and  the 
succeeding  chapters  relates  to  some  approximations  to  the  rigorous  equations. 
The  approximations  are  quite  adequate  for  determining  levels  for  the  lower- 
priced  items  in  Category  II  and  for  Category  III  and  are  very  easy  for 
manual  computation.  The  more  exact  equations  can  be  used  where  electronic 
computing  equipment  is  available.  For  some  of  the  higher-cost  items  they 
give  significantly  better  results  than  do  the  approximate  equations.^  These 
equations  still  permit  automatic  computation  of  levels  and,  hence,  are 
appropriate  for  the  more  expensive  parts  (including  Category  I  items)  in 
cases  where  it  is  decided  not  to  give  individual  attention  (as  required,  for 
example,  in  the  deferred-procurement  program)  to  the  management  of  particular 
line  items.  As  will  be  showii  later,  it  would  also  be  practical  to  use  tables 
based  on  either  the  approximate  or  exact  equations  for  very  simple  manual 
computation.  The  choice  among  these  three  procedures  for  actual  implementa¬ 
tion  requires  the  exercise  of  judgnent  based  upon  the  cost  and  importance  of 
the  items  in  question,  the  accuracy  of  the  input  data  available  and  the  com¬ 
puting  capacity  at  hand. 

^See  Chapter  V  for  a  discussion  of  the  sensitivity  of  system  costs  to 
the  approximation. 
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After  the  formulas  are  presented,  some  reascf  able  assumptions  will  be 
made  about  the  environment  in  %ihichthe  supply  system  operates,  and  the 
approximation  formulas  will  be  used  to  compute  a  sample  table  of  base^ 
Reorder  Points  and  Order  Quantities.  The  sample  table  is  for  illustrative 
purposes  only  and  is  not  proposed  for  actual  use.  We  sh.all  see  the  Wroy 
'.eorder  Points  differ  for  different  resupply  pipeline  times  and  for  differ¬ 
ent  costs  associated  with  a  shortage,  and  we  shall  compare  the  sample 
stock  levels  with  "67-1”  levels.  Finally,  this  section  will  present  a 
very  rougli  comparison  of  the  supply  effectiveness  and  cost?  cf  the  proposed 
policies  and  the  "67-1"  policies. 

A.  Approvimation  Fomulas 

The  definitions  to  be  used  are  as  follows  (See  Figure  2  ): 

Stock  Control  Level  has  the  same  meaning  as  the  Stock  Control  Level 
under  the  present  system. 

Reorder  Point  is  the  level  for  ietenaining  when  to  reorder,  i.e., 
when  "3tock-on-hand-plu3-due-ln*3  minus  due-out^s"  is  equal  to  or  less 
than  the  Reorder  Point,  an  additional  order  is  to  be  placed. 

Order  Quantity  represents  the  difference  between  the  Stock  Control 
Level  and  the  F^eorder  Point. 

Operating  Stock  refer?  to  the  "stook-on-hand-or-tiue-in"  over  and 
above  the  Reorder  Point . 

Safety  and  Pipeline  Stock  is  that  "stock-on-hand-or-due-in"  up  to 
the  Reorder  Point. 

^"Base"  as  used  throughout  this  Memorandum  includes  the  base  support 
activity  of  a  depot. 
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1.  daae  Crder  quantity 

In  explaining  how  to  set  oase  levels  for  any  particular  line  item, 
we  treat  first  the  Order  Quantity,  then  the  Reorder  Point.  A  glance  at 
Figure  2  will  show  that  determining  these  two  quantities  at  each  activity 
for  each  item  selves  the  stockage  problem. 

Turning  first  to  the  Order  Quantity,  it  is  obvious  that,  if  there 
were  no  cost  cr  inconvenience  associated  with  ordering  again  and  again,  it 
would  be  cheapest  and  simplest  to  order  one  unit  at  a  time,  thus  avoiding 
the  costa  of  holding  the  Operating  Stocks.  On  the  other  hand,  if  it  cost 
nothing  (in  money,  trouble,  or  material  resources)  to  hold  stock,  there 
would  be  an  incentive  to  crder  eacn  item  once  and  for  all  and  to  keep  vast 
quantities  on  hand  —  thus  avoiding  the  problenis  and  costs  of  reordering. 
Nsither  extreme  situation  is  true,  of  course,  but  lookLng  at  both  brings 
out  the  fact  that  for  any  given  demand  rate  the  desirable  size  of  order 
depends  on  the  costs  of  reordering  and  the  costs  of  holding  the  Operating 
Stocks  and,  in  the  approximation,  upon  nothing  else.^  If  each  shipment 
is  small,  shipments  are  frequent,  and  the  costs  of  placing  an  order  are 
incurred  frequently,  but  only  a  small  amount  of  Operating  Stock  is  allocated 
to  the  base.  If  each  shipment  is  large,  the  number  of  orders  —  and  hence 
the  yearly  reorder  costs  —  are  reduced,  but  the  average  Operating  Stock 
is  large  and  so  is  the  cost  of  holding  it.  To  find  the  economical  Order 
Quantity  for  each  demand  rate,  we  balance  holding  cost  against  reorder 
costs. 


^In  the  rigorous  formulation,  explicit  account  is  taken  of  the  fact 
that  the  Operating  Stocks  also  provide  some  protection  against  shortages. 
See  Appendix  I. 
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a.  To  define  reorder  costa,  compare  what  happens  if  a  base  were  to 
receive  two  small  shipments  of  an  item  with  what  would  happen  if  It  were 
to  receive  only  one  large  sh:..  ment  of  the  same  number  of  units  of  the 
same  item. .  Since  at  both  base  and  depot  level  some  order  costs  are 
independent  of  the  number  of  units  on  an  order,  it  costs  more  to  make  two 
small  than  one  large  shipment  of  the  same  total  amount.  As  illustrated 
in  Figure  5,  we  call  that  difference  in  cost  the  reorder  cost,  i.e.,  the 
extra  distribution  cost  incurred  by  each  additional  order  for  the  base 
during  the  year.^  The  reorder  costs  are  those  costs  which  are  incurred 
in  the  placing  and  filling  of  an  order,  and  which  do  not  depend  on  the 
number  of  units  ordered  or  snipped.  They  consist  largely  of  paperwork 
and  communications  costs  and  some  fraction  of  the  stock-picking,  packing, 
transportation  and  receiving  costs. 

2 

Figure  6  shows  tnat,  given  the  demand  rate  at  a  base,  annual  cost 
of  reordering  declines  as  the  size  of  each  shipment  increases.  Note 
that  annual  cost  of  reordering  declines  rapidly  as  the  size  of  shipment 
increases  from  one  unit  to  two  units  (since  the  number  of  shipments  is 
reduced  by  half),  but  the  cost  declines  less  rapidly  for  larger  shipiaents, 

^For  further  discussion,  see  Chapter  V,  Section  C-n. 

^Costs  and  demand  are  referred  to  as  pertaining  tc  a  year  --  any 
convenient  period  would  do  equally  well. 
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Fig. 5 —  Annual  distribution  costs 

(Given  total  number  of  units  shipped) 


w 
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e.g.,  if  th«  CWer  Quantity  is  increased  from  nine  units  to  ten,  the  nvunber 
of  shipments — and  hence  annual  costs— -is  reduced  only  10  per  cent, 

b.  The  Operating  Stocks  must  be  held  until  used.  The  annual  cost  to 
hold  a  unit  of  stock  consists  of  the  unit  value  of  the  itera  multiplied  by 
the  unit  holdin'’  cost.  The  latter  is  (l)  the  physical  cost  of  storing  a 
unit  of  the  item  at  a  base  for  a  year,  plus  (2)  a  char 'e  for  the  capital 
invested  in  a  u^iit  of  the  stock, ^  The  unit  holding  cost  is  expressed  as 
a  per  cent  of  the  value  of  the  item. 

The  larger  the  Order  Quantity,  the  larger  the  stock  held  arid  the  greater 
the  costs  of  holding  it.  Thus,  two  kinds  of  coit  are  involved:  annual  cost 
to  reorder,  which  declines  as  Q  increases,  and  annual  cost  to  hold,  uiiich 
increases  as  Q  increaseo,  given  the  unit  price  of  the  item  and  the  unit 
holding  cost. 

Figure  7  represents  annual  coot  to  hold,  annual  cost  of  reorders  and 
the  sura  of  the  two.  Note  that  annual  reorder  costs  decline  rapidly  at 
first  as  Order  Quantity  increases;  total  cost  decreases  at  first  and  then, 
as  reorder  cost  levels  off,  total  cost  increases.  Obviously,  i*.  is  desirable 
to  select  «Ln  Order  Quantity  which  minimises  total  cost.  The  economical 
Or^ier  Quantity  is  that  size  of  order  associated  vdth  the  anallest  total  of 
annual  cost  to  reorder, plus  annual  holding  cost, 

^This  is  a  charge  ^or  the  risk  of  obsolescence  or  modification  due  to 
engineering  charv^es  in  the  part  itself  or  in  the  end  item  or  higher  assembly 
of  which  it  is  a  member,  plus  a  capital  charge  reflecting  the  value  of  money 
to  the  Air  Force,  i.e,,  the  cost  of  using  money  to  buy  this  item  rather  than 
spending  it  in  some  other  way.  See  Chapter  V,  Section  B-4  and  Appendix  I. 
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The  demand  rate  and  the  unit  coat  of  the  item  also  influence  the 
economical  value  of  Q.  If  the  demand  rate  for  one  item  is  greater 
than  for  another  ,  the  annual  cost  to  reorder  associated  vrith  any  given 
size  of  shipment  will  also  be  larger  (Figure  7).  Thus,  the  economical 
Order  Quantity  will  be  larger,  the  greater  the  demand  rate.  The  higher 
the  unit  cost,  the  more  it  costs  to  hold  any  given  nximber  of  units;  hence, 
the  economical  Order  Quantity  decreases,  as  illustrated  in  Figure  8. 

In  order  to  use  these  principles  in  computing  levels  we  must  have  a 
formula;^  it  is 


Economical 
(l)  Order 

Quantity,  Q 


2(Reorder  Cost)  (Amual  Demand  Rate) 
(Holding  Cost)  (Unit  Cost 


♦  1 


For  all  practical  purposes,  this  is  the  equation  we  would  have  obtained 
if,  instead  of  plotting  the  curves  in  the  last  several  figures,  we  had 
written  down  their  equations  and  found  the  mathematical  solution  for  the 
minimum  cost  point.  The  derivation  is  developed  more  fully  in  Appendix  I. 

Equation  1  shows  that  the  higher  the  demand  rate,  the  larger  the 
economical  Order  Quantity,  but  doubling  the  demand  rate  does  not  double  Q; 
the  higher  the  reorder  cost,  the  larger  the  economical  Order  Quantity,  but, 
again,  doubling  this  less  than  doubles  Q;  the  higher  the  holding  cost  or 
the  unit  cost,  the  smaller  the  economical  Oilier  Quantity,  but,  again. 


^n  the  equation,  the  ”1”  under  the  radical  is  a  constant  factor  which 
results  primarily  from  the  fact  that  fractional  shipments  cannot  be  made. 

In  other  respects  this  equation  can  be  derived  from  the  equation  for  the 
optimal  number  of  orders  per  year  which  appears  in  the  Air  Force  Supply 
Management  Handbook.  AFM  67-10,  Page  149  (March  1,  195671  For  the 
derivation  of  Equation  1,  see  the  Mathematical  Appendix. 
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doubling  the  holding  cost  does  not  cut  Q  in  half.  In  fact,  Q  changes  as 
the  square  root  of  these  factors:  a  doubling  of  Q  would  occur  if  demand 
or  reorder  cost  were  quadrupled  or  if  unit  price  or  holding  cost  were 
quartered.  These  effects  can  be  seen  clearly  in  Fl^^re  lor  in  Table  3 
below. 

2.  Base  Reorder  Point 

The  next  step  is  to  determine  when  shipments  should  be  made  to  a  base, 
i.e.,  what  the  base’s  Reorder  Point  should  be.  The  purpose  of  the  Reorder 
Point  is  to  indicate  at  what  inventory  level  an  order  should  be  placed.  It 
marks  the  amount  to  be  held  as  Safety  and  Pipeline  Stocks  (Figure  2)  to 
avoid  shortages  while  the  base  is  waiting  for  a  shipment.  If  resupply  were 
instantaneous  and  the  pipeline  were  never  interrupted,  or  if  there  were  no 
cost  or  inconvenience  in  being  without  a  part  while  awaiting  a  shipment, 
there  would  be  no  Justification  for  investing  in  Safety  and  Pipeline  Stocks. 
They  would  be  zero.  Resupply  takes  time,  however,  and  it  is  costly  to  be 
without  parts  when  they  are  demanded.  Furthermore,  demand  is  uncertain,  and 
there  is  no  way  of  predicting  with  accuracy  how  many  parts  will  be  demanded 
during  the  routine  pipeline  time  when  the  base  is  awaiting  a  delivery. 
Therefore,  there  are  good  reasons  for  having  Safety  smd  Pipeline  Stocks; 
the  larger  those  stocks  (all  else  equal),  the  less  is  the  risk  that  a  shortage 
will  occur.  Since  it  does  cost  something  to  keep  stocks,  the  problem  in 
setting  the  Reorder  Point  is  to  stock  Just  enough  so  that  the  protection 
provided  against  shortages  is  worth  what  it  costs,  and  so  that  keeping  addi- 
tionad  stocks  would  cost  more  than  the  additional  protection  would  be  worth. 
This  is  not  an  easy  problem. 
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To  determine  the  appropriate  Reorder  Point,  we  need  to  know  three 
things : 

a.  how  many  shortages  a  year  are  avoided  by  each  additional  unit  in 
the  Safety  and  Pipeline  Stock; 

b.  how  much  it  is  worth  to  avoid  each  of  these  shortages; 

c.  what  the  cost  is  of  keeping  an  additional  unit  of  Safety  and 
Pipeline  Stock. 

Since  stock  levels  are  set  before,  net  after,  the  fact,  only  expected  values 
of  these  quantities  can  be  used. 

a.  The  number  of  shortages  a  year  avoided  by  having  an  additional  unit 
(call  it  the  unit)  in  tne  Safety  scad  Pipeline  Stocks  depends  on  how 
frequently  these  stocks  are  exposed  to  use  and  on  the  probable  number  of 
demands  during  each  period  of  exposure.  Figure  9  shows  diagrammatically  the 
factors  determining  how  much  protection  is  provided  by  additional  Safety  and 
Pipeline  Stocks. 

The  frequency  with  whion  these  stocks  are  exposed  to  use  depends  upon 
the  size  of  the  Order  Quantity,  given  the  annual  demand  rate,  for  they  are 
subject  to  use  whenever  the  base  has  exhausted  its  Operating  Stocks  and  is 
(presumably)  awaiting  an  order.  The  expected  number  of  orders^  a  year,  of 
course,  equals  the  expected  annual  demand  rate  divided  by  the  Order  Quantity, 
e.g.,  if  the  demand  rate  is  100  per  year  and  25  are  shipped  at  a  time,  there 
will  be  an  average  of  four  shipments  a  year;  but  if  50  are  shipped  at  a  time, 
there  will  be  only  two  shipments  a  year,  etc.  The  probable  nonber  of  demands  during 

^The  number  of  orders  per  year  is  the  reciprocal  of  the  operating  period 
(measured  in  years).  Operating  period  equals  Order  Quantity  ■;  Annual  Demand. 

The  number  of  orders  per  year  equals  Annual  Demand  t  Order  Quantity, 
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the  pipeline  time — which  is  the  oeriod  of  exposure— depends  upon  the  length 
of  the  pipeline  time,  the  annual  demand  rate  and  the  variability  of  demand. 

All  else  equal,  the  longer  the  pipeline  time,  the  greater  the  number  of 

demands  expected  while  the  base  is  awaiting  shipment,  and  hence  the  greater 

th 

the  chance  that  the  R  unit  will  avoid  a  shortage. 

The  larger  the  annual  demand  rate,  the  greater  the  chance  that  the 
additional  unit  will  avoid  a  shortage,  because  the  more  demands  one  can  expect 
during  any  pipeline  period.  Usually  the  greater  the  variability  of  demand, 
i.e.,  the  more  erratic  is  demand,  the  greater  the  probability  that  the 
unit  will  avoid  a  shortage. 

Variation  in  the  pipeline  time  has  much  the  same  effect  as  does  variation 
in  demand.  It  can  be  treated  in  the  ssune  way  since  we  are  interested  in  the 
probable  number  of  demands  during  the  period  while  the  base  is  awaiting  ' 
resupply. 

To  get  some  ’’feel”  for  how  an  additional  unit  in  the  Safety  and  Pipeline 
Stocks  avoids  a  shortage,  refer  again  to  Figure  4  showing  the  stock  of  the 
gasket  on-hand  and  due-in.  In  this  case,  the  Reorder  Point  is  11  units,  and 
the  Order  Quantity  is  22.  At  the  first  reorder,  since  a  total  of  14  units 
were  demanded  within  one  routine  pipeline  time,  each  of  the  11  units  in  the 
Safety  and  Pipeline  Stock  avoided  one  shortage  because,  had  the  Reorder  Point 
been  10  instead  of  11,  there  would  have  been  three  shortages  instead  of  two; 
if  the  Reorder  Point  had  been  9  units,  there  would  have  been  four  shortages, 
etc.  On  the  next  order,  each  unit  in  the  Safety  and  Pipeline  Stock  avoided 
a  shortage  for  similar  reasons.  But,  at  the  third  reorder  the  seventh, 
eighth,  ninth,  tenth,  and  eleventh  units  of  Safety  and  Pipeline  Stocks  avoided 
no  shortages  because  after  the  reorder  was  placed  five  units  were  still  on 
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hand  and  there  were  no  demands  during:  that  particular  pipeline  ti.-ue.  The 
eleventh  unit  avollod  two  r^ort  a^cn  in  iii;  3  exar.ple  and  cn  tht  :;vera:_',e 
avoided  two-thirda  of  a  shorta^'re  in  each  of  the  three  periods  of  exposure. 
Thus,  the  expected  number  of  shcrtaffca  avoided  durin,^*  a  year  by  the 
unit  is  equal  to  the  rrobabillty  that  R  or  more  unite  will  be  demanded  during 
a  pipeline  tirav  (feu  that  r ruL>*ioilj.ty  is  the  fraction  of  pipeline  tLmes  in 
which  R  or  more  units  will  be  demanded  timeb  the  nu/ubtir  of  reorders  per 
year.) 

b.  Ttie  second  quardity  which  nruot  be  kiit-wu  in  erdex  to  determine  the 
economical  Reoxaiei'  Foir.L  for  a  base  is  hew  much  It  is  worth  to  avoid  a 
shorlar.e.^  If  a  oi  i  0  -  ould  result  in  priority  action,  the  cost  of  that 

action  is  a  lower  limit  .  .  vhe  amount  It  is  worth  to  avoid  a  shortage.  In 
addition,  there  is  the  loss  in  operational  capability  caus«fd  by  the  shortage. 

This  latter  cost  ienends  upon  the  iramediacy  of  the  need,  the  cdssion 
effect  of  a  shortage  and  the  cost  of  possible  conipensatox’j’  action.  If  the 
item  is  needed  Lmmiediately,  the  shortage  cost  will  be  higher  than  if  the 
need  is  discovered  di;rir.f,  say,  a  periodic  inspection  wtexi  the  itec.  could 
as  well  be  installed  several  days  later.  Secondly,  a  shortage  of  one  (of 
two)  landing  light  woulu  have  far  lest  cffrcl  cn  rperatiorjal  capabtlity 
than  would  the  shortage  of  a  r.ooe  v;heel.  If  the  effect  of  tixe  shortage  can 
be  reduced  temporarily  or  Lerrrariently  by  local  manufactuie  or  cannibaliza¬ 
tion,  the  actual  shortage  cost  is  likely  to  be  less  than  if  the  adreraft  is 
forced  to  remain  wii^hout  the  item.  If  a  shortage  can  be  compensated  by 
using  an  inexpensive  higher  assembly,  of  which  theie  are  many  stocked  on  the 
base  anyway,  it  is  far  less  serious  and  less  costly  than  would  he  the  case 

^Th#  shortage  cost  is  discussed  more  fully  in  Chapter  V,  Section  Ii-7, 
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if  the  next  higher  available  assembly  were  the  aircraft  itself.  It  appears 
that  the  pro-rated  cost  of  the  aircraft  or  other  end  item  sets  an  upper 
liii.it  on  the  shortage  :c3t. 

c.  The  tnird  that  auct  be  known  to  set  the  eccnomi  cal 

Reorder  Point  is  the  cost  of  keeping  each  additional  unit  of  Safety  and 
Pipeline  Stock  on  hand.  In  general,  we  can  expect  that,  after  the  first 
unit  of  an  item  is  stocked,  tne  cost  of  keeping  the  Safety  and  Pipeline 
Stock  is  increased  by  roughly  the  same  amount  by  each  additional  unit  in 
the  Safety  and  Pipeline  Stock.  Tc  determine  the  cost  of  keeping  a  unit  for 
Safety  and  Pipeline  Stocx,  alx  of  tne  factors  used  for  the  determir.ation  of 
unit  holding  cost  for  operating  stock  are  needed,  viz.,  physical-storage 
costs,  capital  costs,  and  engineering-obsolescence  costs.  It  was  expected 
that  the  Operating  Stocks  would  be  used  up  periodically,  but  there  is  a 
good  chance  that  an  additional  unit  of  Safety  and  Pipeline  Stock  will 
eventually  have  to  be  salvaged  or  otherwise  disposed  of  at  less  than  the 
purchase  price;  for,  by  having  enough  stock  to  achieve  a  high  degree  of 
protection,  tiiere  is  a  very  good  chance  that  some  of  the  Safety  and  Pipeline 
Stock  will  be  on  hand  at  the  enc  of  the  program.  Tnus,  terminal  obsolescence 
must  also  be  taken  into  account  in  determining  keeping  cost.^ 

Figure  10  illustrates  how  the  three  factors  are  used  to  determine  the 
Economic  Reorder  Point.  Compare  the  expected  saving  of  shortage  costs 
from  each  additional  unit  of  stock  with  the  cost  of  having  that  unit.  For 
instance,  the  expected  saving  due  to  the  first  unit  (the  first  bar  in 
Figure  lO)  of  the  Safety  and  Pipeline  Stock  is  the  probability  of  one  or 

^Terminal  obsolescence  is  defined  as  that  obsolescence  of  parts  caused 
by  the  phasing-out  of  the  progrsuo  to  which  they  apply.  Keeping  cost  is 
discussed  more  fully  below  in  Ci.aptei'  V.,  Section  B-5. 
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(2) 


more  demands  during  the  routine  pipeline  tiiae,  (P^^),  multiplied  by  the 
niunber  of  orders  expected  each  year,  C'^),  multiplied  in  turn  by  the 
shortage  cost  per  unit  (s).  Then  compare  this  figure  with  the  cost  of 
keeping  an  additional  unit  on  hand  (kv).  If  the  savings  are  ^Treater  than 
the  cost,  nolri  at  least  one  unit  in  the  Safety  and  Pipeline  Stock,  make 
the  Reorder  Point  at  least  one.  Then,  look  at  the  expected  saving  from  the 
second  unit.  It  is  the  sam**  as  the  expected  saving  from  the  first  unit, 
'’xcept  that  the  probabiiity  of  two  or  more  demands  during  the  routine  pipe¬ 
line  time  must  be  used  Instead  of  the  probability  of  one  or  more  demands; 
this,  of  course,  is  1“S8  than  the  probability  of  one  or  more  demands  (by  the 
probability  that  exactly  one  unit  will  be  demanded),  so  the  net  savings  are 
less.  If,  howev^’r,  the  savings  still  ar*^  greater  than  the  cost  of  keeping 
the  additional  item,  it  pays  to  have  at  least  two  units.  Do  this  for  each 
successive  unit  until  you  come  to  the  unit;  the  expected  savings  from 
the  R^^  unit  are  greater  than  the  cost  of  keeping  the  R^^  unit,  so  it  pays 
to  stock  the  R^^  unit,  but  the  expected  savings  from  the  (R+l)®^  unit,  i.e., 
one  mor“  unit,  are  less  than  the  cost  of  keeping  a  unit,  so  stop  at  R  units. 
This  process  is  suianarlzed  by  Truation  2;^ 

s  ^  Pj^  kv  >•  *  ^  ^R-tl  »  terms  are  defined  as  in  Figure  10. 

In  words: 

A  particular  Reorder  Point,  R,  is  the  economical  Reorder  Point  if 
the  expected  savings  in  shortag-^  costs  from  the  last  unit  in  R  (the 
R^^  unit)  are  greater  than  the  cost  of  keeping  the  R^^  unit,  but 
the  additional  cost  of  keeping  one  more  unit,  (the  R'*-!)®^  unit, 
is  greater  than  the  expected  additional  savings  from  that  unit. 


^For  the  derivation  of  Equation  2  see  Appendix  I. 
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If  the  savings  from  the  (R>l)®^  unit  are  greater  than  the  keeping  cost, 
then  the  economical  Reoraer  Point  is  greater  than  R.  If  the  savings  from 
the  R^^  unit  are  less  than  the  keeping  cost,  then  the  economical  Reorder 
Point  is  less  than  R. 

Notice,  tne  lower  the  cost  of  keeping  an  additional  unit  (k)  or  the 
lower  the  unit  price  (v),  the  greater  the  economical  Reorder  Point  tends 
to  be.  The  greater  the  shortage  cost,  the  greater  the  relative  benefits 
from  each  unit  are;  hence,  the  greater  the  economical  Reorder  Point  would 
be.  For  higher-demand  items  and  for  longer  pipeline  times,  the  prohabilitj 
of  R  or  more  demands  would  be  greater  during  the  pipeline  time,  and  so  the 
economical  Reorder  Point  would  be  greater.  Since  an  increase  in  reorder 
cost  increases  the  Order  Quantity  and  reduces  the  arjiual  number  of  orders, 
the  greater  the  reorder  cost,  the  smaller  the  Reorder  Point,  but  this  is  a 
rather  indirect  and  small  effect. 

Now  we  have  seen  in  principle  how  economical  Order  Quantities  and 
Reorder  Points  may  be  computed  for  a  base.  What  sort  of  stock  levels  result 
when  we  apply  these  principles? 

B.  Resultant  Stgck  Levels 

To  evaluate  these  policies  one  must  know  what  sort  of  base  stock  levels 
are  likely  to  result  from  the  use  of  Equation  1  (to  compute  Order  Quantities) 
and  Equation  2  (to  compute  Reorder  Points)  and  how  the  levels  are  affected 
by  changes  in  the  parameters  used  in  their  computation. 

1.  The  Base  Stockage  Table 

Table  3  is  a  sample  table  of  base  levels  under  a  particular  set  jf 


R  =  Reorder  Point 
Q  ■=  Order  Quantity 
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hypothetical  conditions,^  viz.,  a  30-day  pipeline  time,^  an  expected 
shortage  cost  of  |5C  per  unit,  a  reorder  cost  of  |5  per  order,  annual 
holding  costs  of  20  per  cent  of  unit  price  (say,  10  per  cent  storage  cost 
plus  10  per  cent  capital  cost),  a  five-year  program,  and  negative-binomial 
demand  probability  distributions  with  the  variance  equal  to  four  times  the 

3 

mean.  It  shows  in  a  form  which  caji  be  readily  used  by  clerks.  Reorder 
Points  and  Order  Quantities  which  might  result  from  the  application  of  the 
proposed  policies  for  tnose  items  which  it  has  been  determined  will  be 
stocked  at  the  base  with  unit  prices  of  one  cent  to  $500  and  expected 
annual  demauid  rates  from  less  than  2  up  to  506  (monthly  demand  rates  from 
less  than  1/6  to  k2) . 

Mote  that  the  annual  demand  classes  used  for  the  table  (0-2,  2-6, 
6-12,  ...  380-1+20,  i+20-462,  etc.)  are  not  equal  in  absolute  or  relative 
width  and  that  (except  for  the  second)  each  price  class  is  about  twice 
the  width  of  the  preceding  class  ($0.12-0.24,  $0.25-0.49,  $0.50-1.00,  etc.). 
This  choice  of  class  intervals  resulted  from  an  analysis  of  the  effects  of 


Sample  tables  of  base  levels  under  some  other  conditions  are 
presented  in  Appendix  II. 

2 

By  pipeline  time  we  mean  the  time  from  the  occurrence  of  that  issue 
at  the  base  which  reduces  the  stock-on-harid-ar.d-due-in  to  the  Reorder 
Point  until  the  resulting  snipment  arrives  and  is  available  for  issue. 

^he  cost  and  probability  assumptions  arc  believed  to  be  reasonable 
guesses  for  many  items  in  the  Air  Force  supply  system.  But  they  are  guesses 
and  not  estimates.  Therefore,  Table  3  is  presented  for  illustrative  purposes 
only.  It  is  not  necessarily  recommended  for  use  in  either  service- testing 
or  implementing  the  proposed  policies. 
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errors  on  system  performance.'"  It  is  designed  to  minimize  the  effects  of 
these  errors.  Sensitivity  to  error  is  discussed  in  Chapter  V,  Among  other 
things,  the  discussion  snows  that  it  is  better  to  overstate  the  demand  rate 
than  to  understate  it.  ilence,  the  Reorder  Points  (R)  and  Order  Quantities 
(Q)  are  r.ot  cooiputrd  for  the  midpoint  -f  each  cell  but,  instead,  are  computed 
for  a  point  near  the  lower  end  of  the  price  class  and  near  the  upper  end  of 
the  danand  class. 

2.  Sample  Computation 

For  example,  the  levels  for  the  cell  "Demand,  72-9C,  Price,  $1.00—7.99” 
was  computed  for  an  item  with  a  demand  of  84  per  annum  (72  x  1/3  ♦  9C  x  2/3) 
and  a  price  of  $4.  80  ($4.00  X  4/5  *  $8.00  x  1/5).^  The  computation  was 
then  carried  out  by  solving  Equations  1  and  2. 

(1)  Q  .  \/  1  .  ^  , 

assuming 
r  -  $5*00 
d  »  84 
h  =  0.20 

V  «  $4.80 

Hence, 


^If  a  cell  computed  on  tne  basis  of  a  demand  rate  of  10  is  used  for  an 
item  with  a  demand  rate  of  8,  an  "error"  of  2  units  is  made  in  using  the 
formulas . 

In  the  $0.01-0.12  price  class  $0,075  was  used.  In  the  cells  to  the 
left  of  the  heavy  line  tne  adjustment  for  a  short  base  program  which  will 
be  described  ir.  the  next  section  was  used. 
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K4.80) 


^876  =  29.60  ^ 


We  than  enter  30  as  the  Order  ^entity  in  the  cell  "Damancl,  72-90; 
Price,  $4.00  -  7.99.”  The  next  step  is  to  find  the  Reorder  Point,  K, 
from  -iquation  2. 


f  (fr]  >  ?  f 


iCquation  2  nii«y  be  rewritten: 


^  ^  ^  ’’b- 


For  these  vejues  we  have: 


k  :::  0.35-^ 

V  3  $4.81!' 

Q  30  (derived  above) 
8  ^  :50 
d  =  84 


p  ..  9 


3o  that  ?-quation  (4)  becomos 


> 


>  P. 


7  0.012U3  ^  Prjtl 


■^For  an  explanation  of  how  to  derive  k  for  different  expected  prograo 

lengths  see  Appendix  I. 
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The  Reorder  Point,  R,  is  then  foun-i  by  comparing  0.012143  with  the 
values  in  a  table  shovfinp,  the  probability  of  J  or  more  demarric  per  pipe¬ 
line  time.  Demands  have  beer  assumed  to  have  a  negative  binomial  distribu¬ 
tion  vrith  variance  four  t  jne.’  the  mean,  expected  annual  demands (d)  are 
84  and  the  pipellxie  time  (t)  is  C.08  years.  Hence,  the  table  i?  used  for 
a  mean  of  (84)(«08)  =  6.92  and  varirance  of  (4)(6.92)  =  27.68. 

Such  tables  can  be  computed  by  an  electronic  computer.  The  relevant 
part  of  the  particular  table  needed  shows: 


(Possible  Reorder 
Point ) 


P(j) 

Probability  of  lixactly 
j  Demands 


P.  i 

1 


P(x) 


Probability  of  J  or 
More  Deman ’s 


0  0.044811  l.O'XOOi:' 

1  .075283  .955169 

2  .091463  .879906 


20 

21 

22 

23 

24 

25 


005539 

OOUh'.O 

X3486 

002755 

X2173 

X1711 


026200 

020660 

016261 

012775 

010020 

X7846 


Py  inspection  of  the  probability  table  we  find  that : 

(7)  P23  =  0.012775  7  0.012143  >  F24  =  0.010Ci20 


therefore,  the  Reorder  Point,  R^,  is  23  units.  Thus,  we  have  found  the 
entries  (R  =  23,  ^  =  30)  for  the  cell  ’’Annual  Demand:  72-90,  Unit  Price: 
S4.00-7.99”  In  Table  3  . 
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Tab  U'  3  showL^  that  tiie  hi^ther  tJ.e  dejtiand  rate,  the  greater  the  Reorder 
Point  and  the  Order  quantity.  It  also  shows  that  the  lower  the  price,  the 
greater  the  Reorder  ?cii»t  and  the  Order  Quantity;  however,  there  is  no  simple 
relationship  between  the  two.  For  a  demand  of  6  to  12  a  year  (l/2  to  1  a 
month)  t;ic  Reorder  Point  is  11  units  for  the  cheapest  item  (about  one  or 
two  years’  supply)  and  tr.e  Order  Quantity  is  70  units  (six  to  thirteen 
years’  supply)  —  tne  Order  Quantity  is  seven  times  the  Reorder  Point.  For 
8-l6-dollar  items,  a^ain  those  with  demands  of  about  10  per  ann'um,  however, 
the  Reorder  Po:’nt  is  U  (four  to  ei,:ht  months’  supply)  and  the  Order  Quantity 
is  7  (seven  to  fourteen  months’  supply)  —  the  Order  Quantity  is  less  t.han 
twice  as  great  as  th(  Reorder  Point. 

For  items  wit:,  a  oase  demand  rate  of  lit)  to  132  annually,  the  relation¬ 
ship  is  quite  different.  The  Reorder  Point  drops  from  39  ’units  (about  four 
months'  supply)  for  t.he  ch.eapest  items  to  19  units  (or  two  months’  supply) 
for  the  ^250-5500  cell  and  the  Order  Quantity  drops  from  over  two  years 
to  about  two  weeks  supply. 

,7ith  or  wit’. out  integrated  data  proceosiny,  the  for.mulas  from  which 
these  Reorder  Points  and  Order  Quantities  were  derived  cun  be  used  to 
produce  tables  liKe  "able  3  for  use  by  bases. ^  A  moderate  n'xmber  of  tables 
should  be  sufficient  for  any  one  base.  It  should  he  noted  that  total  cost 
is  barely  affected  if  the  Order  Quantity  for  low-cost  Category  III  items 
is  rounded  to  some  standard  unit,  e.g.,  dozens,  25 ’s,  gross,  etc.,  nr,  to 
the  nearest  unit  pack. 

■*■11  tables  arc  centrally  computed,  the  more  rigorous  process  de.scrlbed 
in  Appendix  I  miay  b<'  more  desiraolc  than  the  approximations  provided  by 
Equations  1  and  2. 
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In  the  high  price  ranges  the  errors  introduced  by  using  the  approxi¬ 
mation  equations  are  relatively  large.  If  computing  facilities  are  avail¬ 
able,  it  would  be  better  ^o  use  the  more  ri.^orous  forT;ulation  of  .Appendix  I 
for  ports  costin/:,  say,  more  than  $50  each.  If  tables  are  pi’^pared  centrally, 
with  EDPK,  of  course,  the  more  rigorous  form  ‘j’nould  be  used  throughout , 

3,  Effect  of  Pipeline  iLme  and  Shortage  Cost 

Table  3  is  based  upon  a  30-day  pipelinr  ajid  a  gO-coll.ir  shortage  cost. 

What  happeiis  with  other  pipeline  times  an^l  other  shorta.-e  costs?  As  staled 
in  discussing  Equation  (2),  the  larger  the  shoi'tage  cost  and  the  longer  the 
pipeline:  the  larger  the  economical  Reorder  Point,  Tlie  Order  Quantity,  of 
course,  is  not  affected.  Appendix  II  provides  five  additional  tables 
similai'  to  Table  3  shovrin^’  all  coir.blnatior.e  of  4-day  pipelines  (such  as 
rJ.';ht  be  realized  in  the  ZI  with  highly  effective  air-electronic  resupply) 
and  30-day  pipelines,  ard  $50,  $yOC,  $3000  shortage  costs  (v.-hic’!  probably 
bracket  the  relevant  ranges  of  shortage  costs  for  technical  items). 

Tables  4  and  5  give  particular  exarnpler  of  the  effect  of  different 
pipeline  times  and  shortage  costs  upon  the  Reorder  Level,  .\n  examination 
of  these  suiuaaiy  tables  or  tables  in  'ppendix  11  will  indicate  the  sensitivity 
of  the  Reorder  Level  to  the  pipeline  time  and  its  relative  insensitivity  to 
the  value  of  the  shortage  cost.  An  increase  in  tlic  pipeline  tine  from  4  tc 
30  days  causes  increases  in  the  Reorder  Point  of  several  •’.onths*  stock  i;-: 
most  cases.  In  Table  4,  for  example,  tr'.e  increases  rani-e  fro-r.  about  five 
months’  to  nearly  eleven  months’  worbn  of  stock  (ignoring  the  upper  right- 
hand  cell).  In  Table  the  higher  deniand  example,  the  increasec  are  less 
dramatic  but  are  still  large. 
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In  contrast,  tne  :u-orfler  Point  is  relatively  insensitive  to  the  value 
of  the  shortage  cost.  A  cne-hundrcd-fold  range  in  shortage  cost  is  showr; 
in  the  Appendix  and  in  these  brief  tables.  Yet  the  largest  increase  (ignoring 
the  increase  fro®  zero  in  the  fifth  colujnn)  in  eitl.er  Table  4  or  5  is  thir¬ 
teen-fold.  In  the  Appendix  tables  the  same  general  situation  is  shown 
throughout.  In  low  demand  items,  however,  which  account  for  the  bulk  of 

the  items, ^  the  increase  is  proportionately  greater  than  in  tne  cases  of  1 

high  annual  demand. 

The  fact  that  the  Reorder  Point  is  not  very  sensitive  to  •one  value  of 

I 

I 

the  shortage  cost  does  not  mean  tiiat  the  shortage  cost  can  be  itxored.  | 

i 

iVliat.  it  does  mean  is  that  taking  it  into  account  at  all  covers  a  large  range  | 

1 

of  possibilities  rcSsSonably  well.  In  contrast,  the  "S?-!”  rules,  which  take 
no  explicit  account  of  shortage  cost,  provide  entirely  different  Riordor  | 

polniSa  These  (and  the  Order  ^uantitites)  are  shown  for  ccmparlscn 

in  Tables  U  and  5* 

Notice  tha^  the  Order  Quantity,  which  is  shown  for  reference  in  Tables 
4  and  5,  Is  not  affected  by  the  differences  in  pipeline  or  shortage  costs. 


1 


See  for  example  the  Tables  in  Appendix  III. 
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C.  Resultant  Sffectlvenesa  and  Costs 

In  Section  A  of  this  chapter,  the  stockage  equations  vrtiich  provide  effec¬ 
tive  support  at  or  near  least  coat  were  derived.  In  Section  B,  the  resultant 
stock  levels  were  described.  Of  primary  interest,  however,  is  the  impact  of 
these  policies  on  supply  effectiveness  and,  second,  the  cost  of  achieving 
that  effectiveness.  Four  tables  fo.ll  )w  w'lich  compare  base  stockage  under 
the  *'47-1"  rules^  and  under  the  proposed  rules  with  various  shortage  costs 
and  pipeline  times.  The  comparisons  are  of  limited  significance,  being 

based  on  a  single  sample  of  issue  data,  viz.,  issue  experience  for  B-47 

2 

aircraft  spares  at  March  and  McDill  Air  Force  Bases  in  1953  and  1954. 

It  is  ass\imed  that  each  of  the  7,000  items  issued  during  that  period,  and 
on  which  we  have  unit  prices,  is  stocked  at  the  base  and  that  no  other 
parts  are  stocked.  The  *’67-1”  stock  levels  and  the  proposed  stock  levels 
are  then  found,  using  the  assumotions  underlying  Table  3  (except  for  pipe¬ 
line  time  and  shortage  cost). 

Table  6  shows  the  comparison  with  a  30-day  pipeline  and  a  50-dollar 
shortage  cost.  The  30-day  pipeline  is  approximately  the  present  routine 
pipeline  in  the  continental  United  States.  The  50-dollar  shortage  cost  is 
chosen  as  an  extreme  on  the  low  side.  This  represents  a  rough  gviess  of  the  cost  of 


The  ”67-1”  policies  used  in  computing  these  tables  are  the  general 
rules  in  effect  1  September  1957,  viz.,  stock  15--day  safety  level  plus  pipe¬ 
line  stocks  plus,  for  Category  III  items,  90  days'  Operating  Stock  and  for 
Categoi*y  II  items  60  days’  Operating  Stock.  These  rules  have  been  modified 
since  September  1957  and,  in  any  event,  were  never  applied  blindly.  Thev 
are  used  here  merely  as  a  bench-mark. 

p 

Laboratory  Problem  I  in  the  Logistics  Systems  Laboratory  compared  these 
policies  with  more  realistic  current  policies  and  closely  confirmed  the 
results  reported  here.  This  is  discussed  more  fully  below. 


EpyKCTivErnsss  ai:d  cost  uijder  "67-I"  aih) 

•niF,  FROTCSEn  POUCIES  -  ILLUSi'RATrv’E  COMPARISON 
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priority  action,  wViich  is  Lhf  ndnimum  action  necesaarj'  in  thn  event  of  a 
ohortaf^e  of  a  technical  item  ani  makes  no  allov;anct'  for  the  loss  of  military'’ 
effectiveness  which  rdght  result  from  a  shortage,  for  example,  by  havin.  an 
aircraft,  missile,  or  an  essential  piece  of  /ground  support  equipment  out  of 
conwission  for  parts. 

Under  the  assurricd  costs,  the  proposed  lolicies  require  holding:  sub¬ 
stantially  larger  base-level  inventories  of  Cost  Categories  IT  and  III  items 
than  does  the  ”c7-l"  system,  Vith  the  cost  of  holding  the  Operating  Stocks 
computed  at  20  ;  er  cent  per  ainrom  and  the  annual  cost  oi'  keeping  Safety  and 
Pipeline  Stock  taken  as  35  P'^””  cerl,  the  econoi/ical  policies  else  rc':;ui,re  c. 
greater  charge  for  stock  Ihan  trif-  theoretical  policy,  i,e,,  $.'0,000 

a  year  to  pay  foi-  Operatirig  Stocks  versus  $20,000  under  ”''7-1,**  ari  about 
$12c,OOC  a  year  for  Safety  and  Pipeline  Stocks  versus  $f7,00^  under  ”f7-l,'’ 
a  total  of  lice  ,000  a  year'  vcrsits  $10;  ,000, 

'('fhat  is  the  retur-i  Ivox.  these  additioi.al  exp andiiui't:-/.  Rr.f.vr  tiia;. 
the  24,000  routine  requisitions  needed  earn  year  if  thrfc  7,rOC’  i^enis  arc 
stocked  under  the  t'neoret  ical  ’V7-1"  policy,  only  7,00C  rcui  lr.e  requi  sit lotrs 
are  needed  under  t'ra  proposed  policies.  At  $!^  per  rc-auisit  ior;,  the  24,000 
routine  reorders  under  ”07-1”  would  coev  $120,000;  tne  7,000  ruutine  req'-.isi- 
tions  under  the  economical  policy  would  cost  only  $35,000,  A  Icirg'  part  of 
the  savings  would  be  in  the  .'om  of  reduced  worklraJ  requirerr.eiits  for 
management  cf  Cattrories  II  and  III  in  base  and  depot  supply.  Thus,  the 
out-of-pocket  costs  with  the  economical  policy  are  less:  $221,00^'  c  year 
as  against  $227,000,  This  dirx'ereace  is,  of  course,  insignificar..,  bliat 
is  important  is  that  the  extra  investment  is  roughly  of'fseL  uy  the  reduced 
cost  of  supply  operations. 
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Morc-'  important,  tr.e  proposed  policies  increase  supply  effectiveness. 

There  is  a  strikin?  difference  in  the  shortages  to  be  expected  under  the 
two  systems.  Given  the  assumed  probability  distribution,  we  would  expect 
1000  short a  under  the  policies  but  only  ^/Vl  under  the  pro¬ 

posed  policies.  This  difference  -n  the  ivumber  of  shortages  is,  of  course, 
of  major  importance  in  itself.  It  is  achieved  at  no  increase  in  out-of- 
pocket  costs.  Further,  if  only  the  costs  of  priority  action  (assumed  to 
be  5fi0)  are  considered,  the  reduction  in  shorta.’cs  is  wortl'.  Thus, 

the  over-all  cost  of  using  the  proposed  policies  in  aL'r.ost  lO  percent  less 
than  the  cost  using  ”67-1,”  strictly  applied. 

To  summarize  fable  6:  With  a  !;0-dollar  shortage  cost  and  a  30-day 
pipeline,  althougn  the  proposed  policies  call  for  larger  stocks  of  Category 
II  and  III  items  aj^  base  level  and,  hence,  a  larger  annual  cost  for  carryin;; 
this  investment,  the  reduction  in  routine  reorders  alone  Just  about  makes 
up  for  this  additi  nal  investment  cost.  In  addition,  there  is  a  very 
large  increase  ir;  tr.c  s\jpply  effectiveness.  The  number  of  shortages  is  cut 
by  nearly  FG  percent,  with  :ne  over-al 1  support  costs  for  chese  items  reduced 
by  nearly  lO  percent.  Procur'^ment  costs  are  increased,  out  the  cost  of  the 
requisitions,  both  •.•oitine  and  priority,  whicn  follow  is  greatly  reduced. 

Now,  instead  of  the  50-doliar  shortage  cost,  which  taKes  only  the 
cost  of  priority  action  into  accoui'.t  and  ignores  the  effects  of  shortages 
on  base  performance.  Table  7  reflects  a  5000-dollar  shortage  cost,  which 
is  large  cnou,;;h  to  take  account  of  a  substantial  chance  that  a  shortage 
has  a  considerable  LTipact*  on  ojieratlonal  capability.  Tlie  cost  of  holding 
the  Operating  Stocks  is  not  affected  by  the  shortage  cost  and  is  again 
$20,000  for  the  theoretical  **67-1'*  system,  and  about  a  year  for 
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the  economical  system.  The  amount  of  Safety  and  Pipeline  Stock  does  not 
change  for  the  '’S?-!”  system  with  a  change  in  the  expected  shortage  cost, 
because  the  '’67-1”  formulas  make  no  adjustment  for  shortage  costs,  hence, 
the  average  valje  of  st  'ck-on-hand-or-due-in  to  the  base,  with  a  30-day 
pipeline,  is  still  «350,C0C.'  fur  tre  ”67-1”  system  and  has  an  annual  keeping 
cost  of  about  $liJ,O0C)  a  year.  The  proposed  policies  do  take  shortage  cost 
into  account.  Witn  a  snortage  cost  of  ^t)OOC,  instead  of  the  proposed 

policies  increase  the  Safety  and  Ph.peline  Stocks  by  an  amount,  iar  enough 
to  reduce  the  expect<jd  annual  number  of  shortages  frcoi  olO  t:  -'i.aO.  Such 
a  reduction  in  shortages  requires  a  large  increase  in  base  inventories  of 
Category  II  and  III  parts:  ^1,700,000  with  a  5000-doliar  shortage  cost 
versus  0350,000  under  t!ie  theoretical  ”67-1”  system.  Just  as  there  is  no 
chan.ge  in  th.'^  Operatin'  StocKs,  so  thert*  is  no  change  ir.  the  .number  of 
routine  reorders — since  sriortage  cost  does  not  enter  tne  equation  for  i. 

However,  compared  with  th-:  ”67-1”  system,  the  relative  cost  advantage  of  the 
economical  policies  is  e-ven  .greater  with  a  50CC-dc’lar  shcrta.Tf.  cost  than 
it  is  with  a  5fl-dollar  shortage  cost.  This  is  as  one  wo.iid  expect,  since 
it  explicitly  adjusts  to  the  shortage  cost. 

For  iJl.A  ;.iillion  in  additional  inventories,  expected  shortages  are  cut 
from  4000  a  year,  ur.der  ”6?-l,'’  to  less  than  10.  If  there,  is*  a  10  percent 
chance  that  a  shortage  will  cause  an  AOCP  anl  that  on  the  average  each 
AOCP  will  last  four  days,  4000  shorta.go.?  implies  1600  AOCP  days,  ( .  11') (400C) (4)=l600. 
In  ter-ms  of  the  number  of  aircraft  available  for  operations,  a  reduction  in 
expected  shortages  from  400C)  to  8.4  wo.iid  be  equivalent  to  adding  4.6 
aircraft  to  the  base.  Tliis  can  be  thought  of  roughly  as  being  equivalent 

to  making  the  administrative  support  aircraft  operationally  available. 

This  additional  effectiveness  is  bought  for  only  $1.6  miiliem,  or 
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$1,400.000  -  $320,000  per  aircraft.  This  provides  a  clue  as  to  the  upper 
4.4 

limit  on  the  shorta/e  cost.  If,  in  the  judgment  of  the  managers  responsible 
for  operations  and  logistics  support,  this  is  too  high  a  price  to  pay  for 
an  additional  operational  aircraft,  the  shorta-;e  cost  (under  the  assuriptions 
stated  above  in  t'n;  s  paragraph;  snojl.j  bf  less  than  $5000.  It  is  Lmportant 
to  repeat  two  things:  first,  these  calculations  are  presented  solely  for 
purposes  of  illustration,  and,  second,  the  Air  Fcrcr,  does  not  now  in  fact- 
follow  ''67-i*'  policies  blindly,  so  the  differences  between  the  proposed 
policies  and  present  practice  .Tight  well  be  smaller  than  these  calculation;-- 
indicate,  but  they  would  certainly  be  in  the  direction  indicated.^ 

Tables  S  and  9  snow  the  effect  of  a  routine  pipeline  ti.oe  of  4  days 
instead  of  yj  .  s.  Table  is  similar  to  Table  6,  e>‘cept  that  the  pip'"' 
line  is  reduced  from  /h  dayr  to  4  days.  Under  b  ;th  nets  of  p- licic.;,  th*. 
value  stock  rt-ou'.  r<*d  is  r;-d.icecJ:  '  ncor  tnc  **67--l**  systn.-n  it  is  red-jc<?;i 
from  at  t  4350, O'/''-  t  -nn.y  -$20j,000;  •iiider  the  economicai  policy,  it  is 
reduced  from  -0660, LX)0  tc  about  -2350, ’.*■00,  a  40-to-5U  j-.ercent  rc-ductiori  in 
each  case.  The  Operating  Stocks  are  -unchan.'ed  by  this  c.nan  -e  in  pipeline  • 
the  number  of  routln*.-  reorders  a  ..n-ar  are  still  24,000  for  '•67-i'*  and  '^000 
for  the  economical  system.  With  the  ‘•O-dolla.r  shortage  cost  and  the  4-day 
pipeline,  the  *'67-1”  poLicif-s  (if  the  L5-day  safety  level  were  m.aintained 
with  the  4-day  pipeline  )  wo-.;  .d  r.'n-;w  slightly  fewer  nnortages  than  the  pro¬ 
posed  system.^'  lecauvse  of  the  large  reductioii  in  the  number  of  routine 

^Base-Depot  Kcdel  3tudir»s  (The  ilAND  Corporation  kesearch  Meniorandum 
fiM-1803,  1  Jan-uary  19?7j,  indicates  that  bases,  in  fact,  hold  mor'  stock 
than  the  ”67-i*’  syste.-n  calls  for;  hcncc,  adoption  of  the  proposed  poli-clcs 
would  result  in  a  smaller  increase  in  effectiveness  than  is  .shown  in  the 
tables  but  would  require  a  s-maller  addition  to  base  inventories. 

“^The  character  of  the  shortage  is  drastically  changed;  however,  under 
»»67-l”  moat  of  the  shortages  of  items  carried  in  stock  wruld  be  for  Category 
III  items;  under  the  proposed  policies  almost  all  would  be  for  Category  II 
items. 


EFFEC:'IVEr,^  AiJD  COST  IWDER  »67-l*»  AI^’D 
^lE  PROPOSED  POLICIES  -  ILDJSTHATIVE  CO^^PARISOI: 

-  i'ASE  Tj.:vEL  - 

Shortage  cost  »  $5000.00  Pipeline  tijne  -  4  days 
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reorders,  however,  tiie  coat  of  operating  onder  the  proposed  system  is  still 
about  one-third  less  than  the  cost  of  operating  under  the  '•67-1”  system. 

It  is  desirable,  .mder  cither  the  ”67-1”  system  or  tlie  economical  policies, 
to  pay  sometiiing  to  reduce  ti'.e  pipeline  ciint-.  It  would  he  easier  to  reduce 
the  pipeline  times  wiLu  ihc  prc-pcsed  p..'iLcies  in  use  than  wit.;  the  ”67-1" 
rules  because  :.he  fcrmc.r  call  for  a  r.vuch  smaller  number  of  requisitions. 

With  a  500u-do'.;;nr  snorta 'e  co-.t  and  a  4-day  pitHiline,  s.'iown  in  Table  9, 
the  ••67-1”  V  1  i  ■^y  w.  lid  arain  have  1  rwer  costs  tl;ai;  with  a  Id-day  pipeline, 
but,  since  tne  prjposed  policies  tahe  shortage  costs  into  acccur.t  a.nd 
reduce  shortage.-i  to  an  expected  S,u  per  year,  tlioy  w.  uLj  all  :u  savings 
of  over  :f3.  .5  .'ii.ll.i.'..-:i  a  ,/<ar,  or  over  9b  per  cent.  A'ai;^,  these  sevunys 
can  be  thought  ..f  as  .si.-Ij.,  ;  v.“i ’.ivalent  to  i.’U’rf-a  jiti,.'  t.  e  capability  of  the 
•jase. 


D.  S  vx:ia.ry 

This  c'sapter  .r  ..  !■.  vol  oped  t!.e  approximation  rsumiulas  for  ecor.o.micai 
stocka  :  kiven  i.i'.e  decision  to  stock  an  item  at  a  base,  reordtr  costs 
are  ba.larc-d  against  holding  coats  oo  .‘'ind  the  econo'hioal  Order  Quaiitity 
for  any  given  lino  itc.'.i;  and  t..e  expected  gains  from  t;.e  s  ..ortages  avoided 
by  having  an  ajd*,a  unit  of  Safety  and  Pipeline  Stock  are  c.:.ipared  wifr. 
the  cost  of  keeping  that  unit  to  determine  the  Heorder  Point,  rhe  types 
of  stock  levels  which  result  under  a  long  and  stablv  .;nse  prO'.ram  from  the 
application  cf  these  principles  have  been  examined,  and  tir-  ubeoretlcal 
effectiveness  and  costs  of  cpcratin.g  under  the  proposed  tvjlicics  have  been 
compared  with  those  of  the  ”67-1”  policy  under  stable  conditions.  Appli¬ 
cation  of  the  proposed  policies  for  Cost  Cate.gcry  II  and  III  itc.T.s  would 
increase  base  supply  effectiveness  markedly.  Such  an  applicati.on  v;ou«d 
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apparently  requli'c  an  inc:‘v;a3<.'  in  tht:  value  of  base  :invcntories  in  these 
Cost  Caiecoi'ies, ^  buL  once  it  was  installed  and  werkinr,  it  would  also 
greatly  reduce  the  workload  on  base  supply  and  on  supply  personnel  at 
depots  or  storage  sites  by  reducing  the  number  and  frequency  of  both 
routine  and  priority  requisitions. 

The  next  chapter  will  examine  how  L.e  proposed  system  operates  when 
account  is  taken  cl'  soite  of  fue  dynamic  aspects  of  case  operation. 


net 


■^As  is  developed  in  Chapter  VI,  it  is  not  clear  that 
increase  in  the  total  val’uc  of  system  stocks  of  Cater 


t'r  ere  wo  ild  be  S 
rics  II  and  III. 
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III.  DYNAMIC  ADJUSTMENTS  TO  BASE  LEVELS 

The  preceding  Chapter  aastuned  first  that  base  programs  (i.e.,  expected 

mean  demands^  for  the  items  at  a  base)  would  be  stable  for  a  long  time  into 

the  future.  But,  in  fact,  weapons  phase  into  and  out  of  the  Air  Force  and 
2 

individual  bases.  A  particular  model  or  series  of  aircraft  may  be  assigned 
to  a  base  for  only  two  or  three  years  (or  even  loss)  and  there  are  always 
some  bases  which  are  nearing  the  phase-out  of  some  weapon. 

Before  implementing  the  proposed  policies,  it  is  necessary  to  look 
into  the  effect  that  the  phasing-in  and  -out  of  a  weapon  33/^otem  may  have 

3 

upon  the  proper  levels  of  base  stocks  for  parts  peculiar  to  that  weapon. 

That  is  the  sub.ject  of  this  Chapter.  Specifically,  it  will  outline  how 
quantities  for  initial-support  tables  are  found  and  how  an  approaching 
phase-out  of  a  base,  or  the  short  life  of  a  program  at  a  base,  will  alter 
somewhat  the  economical  Reorder  Points  and  Order  Quantities. 

A.  Quantities  for  Initial  Base  Support 

In  this  section  it  will  be  assumed  that  bases  convert  to  new  weapons 

at  once  —  or  over  very  short  spans  of  time.  This  appears  to  be  realistic, 

and  for  the  lower-cost  parts  moderate  deviations  from  this  assuoiptlon  will 

4 

cause  only  inconsequential  over-stockage  in  the  early  months. 

^f  course,  the  erratic  deviations  from  the  expected  mean  demand 
were  considered. 

^Stockfisch,  J.  A.,  Logistics  Support  During  Phase-In  of  the  F-102.(iil 
The  RAND  Corporation,  Research  Memorandum  'fay  2,  Id^c,  :  .1.  (Secrov) 

^For  parts  common  to  many  weapons,  the  program  for  a  particular  weapon 
has  little  effect.  Parts  used  on  only  two,  or  a  few,  weapons  constitute  a 
borderline  case  requiring  further  examination. 

^For  the  depot,  of  course,  the  corresponding  assumption  cannot  be  made; 
in  Chapter  IV  a  method  of  taking  account  of  the  fact  that  demand  increases 
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To  stock  the  first  base  the  best  available  estimate  of  mean  demand  for 
each  item  should  be  used  and  the  base  be  stocked  up  to  its  Stock  Control 
Level  for  each.  The  equations  or  the  tables  should  be  used  in  determining 
the  levels.  As  will  be  discussed  in  the  next  section,  some  modification  of 
the  formulatioi;  ii.  the  preceding  chapter  may  be  called  for  for  very  low- 
demand,  low-price  parts. 

The  problem  of  how  tc  get  a  usable  estimate  of  the  demand  rates  for 
individual  line  items  is  a  serious  one;  and  it  is  beyond  the  scope  of  this 
Research  Memorandum.  tVhen  the  initial  support  tables  for  the  first  base 
have  to  be  computed,  only  sketchy  information  is  available  from  limited 
test  experience,  engineering  estimates  and  experience  with  similar  parts 
in  other  applications.  Such  estimates  are  subject  to  wide  error.  For  low- 
cost  items  it  is  desii’able  to  keep  toe  probability  of  stockouts  very  small, 
but  fcr  high-cost  items  it  is  appropriate  to  nin  a  greater  risk  of  shortage. 
Therefore,  ixi  determining  ttie  initial-support  tables  for  the  first  base, 
judgment  should  be  applied  tc  whatever  engineering  or  other  estimates  are 
available,  ^leaning  t:  ward  the  high  side"  for  the  cheapest  parts  and,  if 
anything,  tending  tc  underestimate  demand  for  the  more  expensive  items. 

As  a  weapon  program  grows,  after  the  activiation  of  the  first  units, 
every  effort  should  be  made  to  adjust  the  initial  demand  estimate  on  the 
basis  of  actuad  experience.  As  subsequent  units  or  bases  convert  to  the 
new  weapon,  their  initial  support  tables  should  be  computed,  taking  account 


during  the  early  stages  is  explained.  In  the  event  that  at  any  base  the 
major  weapon  is  expected  tc  phase  in  slowly,  or  to  be  slow  in  building  up 
to  its  normal  level  of  activity,  that  method  cculd  be  used  for  base  stocking 
during  the  phase-in.  For  most  of  the  Category  III  parts,  however,  such  re¬ 
finement  would  probably  be  unnecessary. 
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of  Ihe  demand  experience  al  the  first  few  bases  converted.  The  errors  in 
the  first  demand  estimates  can  be  corrected  in  time  to  influence  provisioning 
expenditures  only  if  the  procurement  leadtime  is  considerably  shorter  than 
the  period  of  phase-in  of  the  weapon.  If  the  leadtime  is  short  enough  to 
permit  adjustments  in  procurement  to  be  made  on  the  basis  of  improved 
information,  moderate  ever-  or  under-estimates  of  demand  early  in  the  phase- 
in  will  not  be  very  serious. 

B.  The  Pnase-Out  or  Short  Program 

The  formulation  (Equation  2)  for  the  Reorder  Point  takes  account  of 
the  dynamic  aspects  of  weapon  phasing,  because  terminal  obsolescence  is 
explicitly  included  in  the  keeping  cost.^ 

On  the  other  hiand.  Equation  1,  for  the  Order  quantity,  does  not  take 
account  of  the  dynamics,  since  it  is  based  on  the  assromption  that  the  base 
program  will  last  indefinitely.  This  assumption  is  satisfactory  whenever 
the  base  can  be  expected  to  order  the  item  several  times  in  the  future,  in 
which  case  ric  change  is  required.  It  is  not  accurate,  however,  if  the  base 
can  be  expected  to  order  the  item  only  once  or  twice  during  the  remainder 
of  the  program. 

For  the  lowest-price  low-demand  parts,  the  economical  initial  stock 
may  be  so  large  that  no  reorder  is  expected  during  the  life  of  the  program.*" 
Thus,  for  tliese  it.eiiis  the  initial  stockage  should  take  account  of  the  length 
of  the  progra-T..  liirther,  as  the  end  of  the  program  approaches,  the  routine 
reorders  for  more  and  more  parts  will  be  such  as  to  cover,  or  nearly  cover, 

^App«id  ix  I,  D. 

2 

See,  for  example,  the  upper  left  cells  in  Table  }• 
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the  needs  through  the  expected  remainder  oi'  the  program.  In  this  case, 
too,  the  program  life  should  be  considered  in  determining  the  appropriate 
Ox*der  (quantity. 

The  consideration  of  program  life  has  two  effects;  First,  it  is  desir¬ 
able  to  reduce  some  Order  quantities  to  avoid  excessive  stockage  for  the 
(remaining)  short  program.  Second,  it  is  desirable  in  certain  other  cases 
to  increase  the  Order  ^.uantity  to  reduce  the  chance  that  additional  orders 
will  need  to  be  placed  during  the  remainder  of  the  prograjii. 

These  points  can  best  be  explained  with  reference  to  Table  10.  In  the 
upper  left  portion  of  the  table,  there  are  many  Order  Quantities  which  equal 
several  years*  expected  consumption.  For  example,  the  third  cell  in  the 
second  column  calls  for  an  Order  .iuantity  of  from  5  to  14  years’  supply. 

For  a  one-  or  twc-year  program  tiiis  is  excessive.  On  the  other  hand,  the 
fifth  cell  in  the  seventh  column  calls  for  an  Order  quantity  approximately 
equal  to  one  year’s  supply.  It.  may  be  economical,  if  an  order  is  needed 
one  year  from  the  eri.i  of  the  program,  to  order  a  few  more  than  the  46 
units  shewn  so  as  tc.  reduce  the  risk  of  incurring  ar.  additional  reorder 
cost,  still  nearer  to  the  end  cf  the  program.  Thus,  Ln  some  cases,  as 
the  end  of  a  program  approaches,  the  Order  quantity  should  be  reduced  to 
avoid  excessive  sto'ckage  and  excessive  terminal  obsolescence,  and  in  some 
other  cases  increased  to  avoid  the  risk  of  excessive  reorders. 

Looking  at  the  matter  a  little  more  forrially;  Since  dernand  is  typi- 
cailly  erratic,  a  final  shipment  is  the  last  shipment  only  with  some  degree 
of  confidence,  not  with  certainty.  The  larger  the  shipment,  the  greater 
the  probability  that  it  will  be  the  last  shipment,  and  the  greater  the 
number  of  units  likely  t”  be  left  over  at  the  end  of  the  program. 
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In  finding  the  "final”  Order  quantity,  essentially  the  same  sort  of 
problem  must  be  faced  as  in  setting  the  economical  Reorder  Point:  each 
additional  vinit  in  the  "final”  Order  Quantity  yields  some  expected  savings 
in  future  reorder  costs  by  reducing  the  chance  that  a  reorder  will  be  needed, 
but  each  additional  unit  must  be  bought  and  stored  at  the  base,  probably 
until  the  end  of  the  prograir.. 

The  savings  expected  from  each  additional  unit  must  be  compared  with 

the  expected  cost  of  adding  that  unit  to  base  stocks.  If  savings  are  less 

1 

than  costs,  the  unit  should  not  be  shipped. 

The  effects  of  maki.-  g  the  computation  of  the  "final”  Order  Qiiantity 

for  items  with  various  unit  prices  and  demand  rates  are  shown  on  Tables  11 

and  12.  These  tables  are  all  based  or.  the  cost  asstimptions  of  Table  3. 

Table  10  might  apply  to  a  very  long  program,  or  to  common  parts,  e.g. , 

comciercial  hardware.  However,  giver,  the  general  tmcertainty  of  Air  Force 

programs,  there  is  little  advantage  in  using  a  table  for  more  than,  say,  a 

five-year  program.  In  that  case.  Table  10  should  be  adjusted  to  read  as 
2 

Table  11  which  shows  the  long-program  Order  Quantities  crossed  out  emd 
replaced  by  those  appropriate  for  a  five-year  program.  Note  that  in  Table 
11  some  of  the  Order  Quantities  have  been  adjusted  upward  and  some  downward. 

3 

With  a  one-year  program,  as  in  Table  12,  the  adjustments  apply  to 
nearly  half  of  the  area  shown  on  these  tables.  As  the  phase-out  of  the 

1„ 

For  a  more  detailed  statement,  see  Appendix  I.E. 

2 

Table  11  has  the  same  Order  Quantities  for  the  range  of  demands  covered 
as  does  Table  3  which  is  also  a  five-year  table. 

3 

Table  12  suraraarizes  the  adjustments.  Each  long-program  Order  Quantity 
appears  in  the  up'per  left-hand  corner  of  a  cell.  "Final”  Order  Quantities 
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base  becomes  imminent  (cr  at  that  p-^int  when  the  base  vvi.!!  no  longer  find 
the  item  useful),  the  "final”  econonical  Order  (^niantity  ultimately  falls 
to  one. 

As  mentioned  above,  the  computation  for  the  Reorder  Point  in  Chapter  2 
took  the  length  of  the  program  into  account  through  the  allowance  for  ter¬ 
minal  obsolescence.  This  allowance  is  specifically  included,  even  for  the 
stable  case  with  a  fairly  long  program,  because  ari  additional  uiiit  in  the 
Safety  and  Pipeline  Stock  is  put  at  a  base  primarily  for  protection  and, 
in  general,  is  net  expected  to  be  used.  At  the  end  of  the  pirograin,  t.his 
additional  unit  must  either  be  returned  to  the  depot  or  disposed  of.  The 
shorter  the  progratri  remaining  at  the  base,  i.e.,  if  the  total  program  at 
the  base  is  of  short  duration  or  if  the  iraking  of  a  replenishment  shipment 
is  under  consideration  late  in  the  base  program,  the  more  important  will 
be  the  terminal-obsolescence  factor  as  a  detenninant  of  the  cost  of  keeping 

a  unit  of  Safety  and  Pipeline  Stock.  The  Reorder  Point,  however,  remains 

1 

nearly  constant  until  shortly  before  the  base  phases  out,  especially 
sir.ce  the  Order  '..uantity  aecllnes  as  the  phase-cut  approaches.  The  Reorder 
Point  for  all  items  at  the  base  will  become  zero  shortly  before  the  base 
phases  out;  for  most  of  the  items, in  fact,  Just  before  the  phase-out  it 


are  in  the  other  cortiers;  for  the  five-year  program  in  the  upper  right;  and 
for  the  one-year  progreom  in  the  lower  right-hand  corner.  For  example, 
in  the  cell  "Annual  Demand  6-12,  Unit  Price  ?.13  -  the  long-program 

Order  quantity  is  57  units;  the  "firAl"  Order  Quantities  are  73  for  a  pro¬ 
gram  of  five  years’  duration  and  25  for  one  year’s  duration. 

^This  result  comes  about  because  the  Reorder  Point  depends,  in  part, 
on  the  product  of  the  keeping  cost  times  the  Order  Quantity  (cf.  Equation  2). 
During  the  period  when  the  keeping  cost  is  rising  rapidly,  the  Order  Quantity 
is  falling;  hence,  their  product  remains  fairly  stable. 
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would  become  minus  one,  i.e«,  nc  requisition  should  ce  placed  until  the 
base  has  an  actual  need. 

Thus,  with  the  proposed  met-hoi  -jf  determining  base  stocks,  it  is  pos¬ 
sible  to  take  account  of  she  fact  that  weapons  (and  ot,her  enu  items)  phase 
ii;Lo  and  out  of  the  individual  bases,  as  well  as  into  arid  out  of  the  Air 
Force, 

In  determining  the  initial  stockage  for  the  first  oases  receiving  a 
particular  weapon,  orily  rough  guesses  of  the  demand  for  each.  p;art  will  be 
available  for  use  with  this  or  any  other  stockage  policy.  This  is  an 
avoidable  difficulty  in  Air  Force  sufply.  The  proposed  method,  by  takiiig 
explicit  accouiit  of  the  fact  tiiat  demand  is  uncertai.n,  provides  better 
results  than  a  metl'.od  waich  ignores  the  uncertainty  of  demand.  Further, 
every  practical  effort  should  be  made  to  take  account  of  the  denand  ex¬ 
perience  at  the  first  bases  in  order  tc  establish  better  initial  stocks 
at  later  bases.  One  of  the  chief  aims  and  advantages  of  an  integrated 
data  processing  system  should  be  to  make  it  possible  to  take  full  advantage 
of  early  actual  experience  iii  this  manner.  Kven  oefore  there  are  data 
processing  center.^  integrated  with  both  bases  and  depots,  it  may  be  possible 
to  accompli. sh  a  great  deal  through  collecting  more  complete  data  on  supply 
experience  early  in  th.e  life  s)f  a  weapon  than  is  the  practice  later  in 
its  life.  The  details  of  such  a  procedure  are  yet  to  be  worked  out. 

Since  the  program  for  each  base  changes  from  time  to  time,  there  is 
no  certainty  at  any  given  date  that  the  jiarticular  weapon  at  a  base  will 
in  fact  remain  there  for  the  time  indicated  in  the  curx'ei^t  program.  There¬ 
fore,  no  effort  shotild  be  made  to  make  precise  adjustments  by  having,  for 
example,  a  different  set  of  base  tables  for  each  possible  program  length 
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from  one  to  six  or  seven  years.  A  practical  rule  night  be  to  have  one  set 
cf  ”long-prograin”  tables  anc^  perhaps,  two  sets  of  "short-program”  tables. 

The  former  might  be  based  on  a  five-year  program  and  the  latter  on  a  one 
year  program  and  a  six-  or  three-month  program. 

Lastly,  it  shcxild  be  noted  that,  for  a  very  large  proportion  of  all 

1  ,  . 
line  items  (l.e.  those  with  very  low  demand  rates  and  prices),  no  reorders 

are  expected  to  occur  at  all,  because  the  initial  Order  quantity  consti¬ 
tutes  expected  life-cf-type  stockage.  It.  niany  cases,  the  final  Order 
quantities  will  never  be  used.  Still,  they  should  be  computed,  for  other¬ 
wise  too  large  orders  would  be  placed  in  those  cases  where,  in  fact,  a 
reorder  is  needed. 

To  summarize,  it  is  necessary  to  take  accour.t  of  the  phase-in  and  phase¬ 
out  of  individual  weapons  in  stocking  the  parts  peculiar  to  them.  I-’or  parts 
common  to  several  weapons  this  is,  of  course,  tiot  necessary.  Since  weapons 
phase  into  each  base  abruptly,  no  gradual  build-up  .f  stocks  during  the 
phase-in  is  desirable.  The  chief  problem  at  first  is  tc  improve  the  estimate 
of  mean  demand. 

During  the  phase-out,  or  for  short  programs,  it  is  desirable  at  each 
base  to  take  account  of  the  approaching  termination  of  the  program.  In 
Equation  2  this  is  taken  care  cf  l:i  computing  R,  because  terminal  obsolescence 
is  Included  in  the  keeping  cost.  For  computing  q,  a  new  fomulation  is 
required  (Equation  1.36)  which  explicitly  introduces  the  program  life.  For 
purposes  of  base-level  applications  in  a  manual  or  EAM  data  processing  sys¬ 
tem,  it  is  appropriate  tc  have  two  or  three  sets  of  tables:  one  for  a  long 

program  of,  say,  five  years;  one  for  one  year  and  perhaps  one  for  six  or 

1 

See  Appendix  II . 
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three  months  cf  remainink'  prcrrarti  Life.  Such  tables  wouli  snow  the  Reorder 
Point  and  the  Stock  Control  Level  for  each  of  the  program  lives  specified. 
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IV.  DEPOT  OFt  STCriAGS-SITE  STOCKAGE 

The  methods  developed  so  seek  to  letemine  how  much  stock  to  put 
at  bases,  when  to  reorder  and  how  much  to  reorder  at  a  tine.  Policies 
for  a  stable  case,  in  which  the  usefulness  of  the  item  is  expected  to  con¬ 
tinue  for  8  long  period  int/O  the  future,  and  for  the  djTiamic  situations 
of  phase-in  and  phase-out  have  been  discussed.  Next  comes  the  problem  of 
depot^  or  storage-site  stockage.  To  set  the  depot  levels,  essentially  the 
same  formulations  as  developed  in  Chapters  II  and  III  are  applied.  But 
there  are  some  important  modifications.  This  chapter  will  describe  these 
modifications  in  general,  and  then  treat  the  pec’jliariti es  of  computing 
the  depot  Order  Q'jw.ntity  during  the  phase-in  and  phase-out  of  a  program, 
and  the  Reorder  Point. 

One  might  legitimately  askr  Why  stock  depots  at  all;  why  not  locate 
all  stocks  at  base  level?  This  Memorandum  wi.ll  not  explore  the  pros  and 
cons  of  the  present  base-depot  supply  structure,  but  two  or  three  pertinent 
remarks  may  be  made.  Basically,  depots  serve  as  buffers  in  the  supply  sys¬ 
tem  to  absorb  some  of  the  shocks  resulting  from  program  change,  demand 
miscalculation  and  other  uncertainties.  They  also  act  as  pools  of  stock 
which  permit  taking  advantage  of  the  economies  of  large  buys,  and  which  pro¬ 
tect  the  system  during  the  procurement  leadtime.  If  bases  were  stocked  so 
as  to  provide  Individually  the  same  amount  of  protection  for  the  system. 


^In  this  section,  whenever  "depot”  is  used,  it  is  meant  to  include 
storage  sites  but  to  exclude  the  maintenarice  arid  base-support  functions 
carried  out  at  many  depots  and  AMA*s.  The  depot  stocks  are  treated  as 
being  a  single  pool,  i.e.,  no  rules  are  set  up  for  distributing  stocks 
between  prime  and  zonal  depots  or  among  storage  sites. 
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the  total  ayatem  atocka  would  have  to  be  conalderably  larger  than  in  the 
case  where  baaea  can  call  upon  depota  for  prompt  reaupply. 

Further,  there  are  aoroe  added  coata  in  holding  items  at  the  baae  rather 
than  at  the  depot  level.  Probably  the  greateat  of  theae  derivea  from  the 
fact  that  with  the  present  data  processing  and  control,  systems  stocks 
positioned  at  a  baae  are  not  readily  and  systematically  available  for  use 
by  other  baaea.  With  an  integrated  data  processing  system,  it  might  be 
possible  to  hold  the  equivalent  of  depot  stocks  at  base  level  and  to  resupplv 
one  base  from  another.  Even  in  this  case,  unless  a  substantial  portion  of 
baae  resources  were  devoted  to  depot-like  activities,  there  would  probably 
persist  a  need  for  depot  atockage. 

In  any  event,  one  of  the  aims  in  developing  the  present  policies  is 
to  provide  rules  which  will  be  practical  in  providing  effective  and  econom¬ 
ica]  support,  not  only  with  an  integrated  electronic  data-processing  system, 
but  also  with  the  present  system  and,  in  addition,  during  the  period  of 
transition  to  the  new  system.  With  the  present  and  at  least  the  near-term 
future  supply  systems,  it  is  necessary  to  develop  rules  for  depot  as  well 
as  base  atockage. 

A.  The  Equations 

In  simplest  terms,  the  policy  proposed  for  depot  atockage  is:  Use  the 
Order  Quantity  and  Reorder  Point  rules  developed  for  base  stockage  with  the 
necessary  modifications  for  aoplication  to  depot  conditions.  Although  effi¬ 
cient  stockage  of  depots  is  based  fundamentally  on  the  equations  developed 
in  the  preceding  sections,  there  are  some  important  differences.  Pirat, 
as  will  be  developed  subseouently,  the  dynamics  of  weapon  life  have  a  much 
more  marked  effect  upon  depot-  than  upon  base-stockage  rules.  Second, 
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interpretation  of  the  parameters  in  the  eouations  is  somewhat  different 
depot  purposes  from  that  appropriate  for  bases. 

The  enuations  are  repeated  here  for  convenience. 

Q  =  V  ^  ^ 

X  kv  X  8d  p  . 

Q  R  7  /  Q  R-^1 

in  words: 

A  particular  Reorder  Point,  R,  is  the  economical  Reorder  Point 
if  the  expected  savings  in  shortage  costs  (s)  from  the  last  unit 
in  R  are  greater  than  the  cost  of  keeping  that  unit,  but  the 
t.  wional  cost  of  keeping  one  more  unit  (the  R-flst)  is  greater 
t  .  the  expected  additional  savings  from  having  that  unit. 

For  purposes  of  depot  stockage,  the  parameters  are  Interpreted  as 

follows: 

1.  The  appropriate  r.  reorder  cost,  is  not  the  depot-to-base  reorder 
cost  but  rather  the  manufacturer-to-depot  procurement  reorder  cost, 
including  both  the  Air  Force  administrative  costs  and  the  manufacturers* 
setup  costs,  if  applicable.  (The  setup  costs  may,  of  course.  Increase 
markedly  if  and  when  the  item  goes  out  of  production.) 

2.  The  unit  cost,  v.  is  the  same  in  both  cases.  Should  the  item  go 
out  of  production,  the  unit  cost  may,  like  r.  Increase. 

3.  The  holding  cost,  h.  again  expressed  as  percent  of  the  unit  cost. 
Includes  the  same  factors  as  the  base-level  holding  cost,  but  there 
mav  be  measurable  differences  between  the  holding  cost  at  the  base  and 
at  the  depot  level. 

4.  Similarly,  the  keeping  cost,  k.  is  qualitatively  the  same  in  both 
cases,  but  significant  known  differences  in  the  base  and  depot  values 
should  again  be  exploited. 


the 

for 

(1) 

(2) 
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(2) 
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5.  The  leadtlma,  over  vfhlch  the  probability  of  a  stockout  is  required 
for  Equation  2  is  not  the  depot-to-base  resupply  time  but  is  the  pro¬ 
curement  leadtime,  consisting  of  the  Air  Force  administrative  leadtime 
and,  if  applicable,  the  manufacturers*  setup  time.  Both  will  tend, 
like  r  and  v,  to  increase  when  the  item  goes  out  of  production. 

6.  The  depot  shortage  cost,  s.  is  also  considerably  different  from 
the  base  shortage  cost.  Bya  depot  shortage  is  meant  the  inability  to 
meet  all  or  any  part  of  a  base  reouisition. 

The  conseouences  of  a  depot  shortage  are  ruite  different,  depending 
on  whether  the  bases  typically  stock  the  item  in  ouestion.  First, 
whenever  there  is  a  demand  on  a  depot  for  an  item  not  stocked  at  base, 
there  is  an  existing  or  anticipated  shortage  at  the  base.  In  this  case, 
a  depot  shortage  will  extend  the  base  shortage,  perhaps  a  great  deal, 
and  the  depot  will  have  to  take  expedited  action.  If  the  item  is 
stocked  at  base,  a  depot  shortage  does  not  necessarily  result  in  a 
base  shortage;  its  only  consequence  is  a  greater  probability  of  base 
shortages  (and  anv  resulting  expediting  action  by  the  depot). 

In  computing  the  depot  shortage  cost,  attribute  to  the  depot  the 
expected  base  shortage  cost  with  shipment  delayed.  Subtract  from  this 
the  expected  shortage  cost  at  the  base,  when  the  depot  makes  prompt 
shipment,  because  these  shortage  costs  would  be  Incurred  even  if  there 
wore  no  depot  shortage.  Add  the  cost  of  any  expedited  action  the  depot 
would  undertake.  That  is: 


Expected  total 
Depot  of  base  short- 

shortage  =  age  costs  with 
cost  shipment  delayed 


Expected  total 
of  base  short¬ 
age  costs,  even 
if  depot  makes 
routine  shipment 


Cost  of 
expediting 
♦  action  by 
depot 
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7,  Demand,  d.  appears  in  both  equations.  In  depot  stockage,  the 
appropriate  ’’demand”  is  the  (expected)  system  consumption  rate  for 
nonreparable  parts  and  the  system  condemnation  rate  for  parts  (if 
any)  vdiich  are  reparable  only  at  the  base  level.  However,  as  is 
discussed  below,  a  complication  is  introduced  for  the  peculiar 
parts  by  the  dynamics  of  a  weapon’s  life. 

The  depot  stock  levels  appropriate  for  different  kinds  of  parts  differ 
significantly.  For  part-s  peculiar  to  a  particular  end  item,  depot  stockage 
is  influenced  significantly  by  the  dynamics  of  the  phase-in  and  phase-out 
Tf  that  end  item.  However,  for  parts  common  to  several  weapons  or  other 
end  items  these  dynamic  aspects  of  particular  end  items  can  be  ignored  and 
the  equations  used  without  modification,  with  the  terms  defined  as  above. 

In  general,  the  equations  could  be  used  in  this  way  not  only  for  common 
parts  but  also  for  any  other  parts  which  are  used  to  support  a  very  long 
stable  program,  for  example,  the  B-Z.7,  the  C-124,  or,  possibly,  some  of 
the  standard  radio  and  radar  seta,  for  the  next  few  years. 

Similarly,  the  equations  could  be  used  in  a  straightforward  fashion 
wherever  management  does  not  think  it  worthwhile  to  make  the  modifications 
necessary  to  take  account  of  the  dynamic  problems. 

The  number  of  lino  items,  then,  to  which  the  equations  can  be  applied 
without  modification  is  large  and,  probably,  substantial  economies  in  supply 
workload  can  be  achieved  by  applying  these  policies  at  the  depot  level  as 
well  as  at  the  base  level, 

B.  Depot  Stockage  Under  Dynamic  Conditions 

Depot  stockage  rules  for  peculiar  parts  should  reflect  the  dynamics  of 
the  program  being  supported.  As  mentioned  in  the  preceding  section,  the 
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values  of  r  and  v  and  of  the  pipeline  time  tend  to  increase  substantially 
and  abruptly  ae  the  Individual  items  go  out  of  production.  Also,  the  demand 
rate  to  be  used  in  computing  depot  levels  will  change  from  year  to  year  as 
the  particular  program  grows  or  wanes.  This  can,  of  course,  give  rise  to 
some  rather  complicated  problems  in  cases  where  the  Order  Quantity  would 
provide  several  years’  support.  Although  these  problems  would  require 
elaborate  computations  for  a  theoretically  ideal  solution,  it  is  necessary 
to  develop  solutions  for  the  less  expensive  items  which  provide  reasonably 
good  answers  without  excessive  expenditure  of  dollars  or  management  time 
per  line  item.  Some  riles  are  presented  and  described  below  which  appear 
to  meet  these  criteria.  Further  research  and,  particularly,  further  develop¬ 
ment  in  implementing  them  are  desirable  and  will  almost  certainly  result  in 
improvement;  as  of  now  they  seem  to  be  practical  and  a  considerable  impix>ve- 
rcent  over  present  methods. 

At  the  beginning  of  the  program,  the  depot  should  stock  up  to  its 
Stock  Control  Level  these  parts  for  which  it  is  expected  that  the  bases  will 
make  demands  upon  the  depot  early  in  the  program.  For  most  of  the  line 

1 

items,  however,  the  initial  base  stocks  will  provide  several  years’  support. 
Hence,  for  the  first  year  or  more,  the  basic  requirement  for  depot  stocks 
will  be  to  take  advantage  of  bulk  buys  in  some  cases  only  and,  more  important, 
to  provide  protection  during  the  procurement  leadtime  and  to  provide  protec¬ 
tion  against  gross  errors  in  estimating  demand.  Therefore,  logically,  the 

2 

depots  need  stock  only  up  to  their  Reorder  Point,  If  direct  shipment  to 

^See  Table  3  and  Appendix  III, 

^This  statement  will  be  expanded  and  modified  below. 
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the  early  bases  is  economical,  relatively  little  depot  atockage  is  required 
at  first  for  the  low-cost,  low-demand  items.  In  one  sense,  then,  the  first 
problem  ie  to  determir.e  the  depot  Reorder  Point,  but  since  that  depends  on 
the  Order  Quantity,  the  latter  will  be  discussed  first. 

The  following  discussion  is  rather  involved  because  there  are  several 
contingencies  which  must  be  covered  as  alternative  situations.  Readers 
who  do  not  wish  to  follow  through  the  detail  of  the  next  two  sections,  may 
skip  to  Section  F,  where  the  main  points  are  summarized, 

'J .  Depot  Order  Q’.iantities 

1.  The  General  Procedure;  In  the  case  of  common  parts  there  are 
relatively  few  problems  of  stocking  depots  according  to  the  principles 
developed  in  this  study,  and  the  procedures  outlined  in  Section  A  above 
are  appropriate.  But  for  parts  peculiar  to  particular  weapons  or  other 
end  items  the  holding  cost,  reorder  cost  and  particularly  the  annual  demand 
rate  may  change  very  markedly  during  tne  program.  These  changes  give  rise 
to  some  difficulties. 

Since  the  computed  Order  Quantity  depends  upon  the  annual  demand  rate 
and  since  the  ann'ual  demand  rate  can  be  expected  to  change  during  the 
operating  history  of  the  end  item,  there  is  a  problem  of  determining  the 
appropriate  demand  rate  to  use  in  computing  Q  for  each  phase  in  the  program. 
Once  the  rate  has  been  deterrained,  an  initial  estimate  of  the  Order  Quantity 
is  to  be  computed.  That  estimate  may  subsequently  have  to  be  modified 
through  a  final  Order  Quantity  computation  which  takes  account  of  the  re¬ 
maining  life  of  the  program  and  a  computation  to  take  account  of  the  fact 
that  when  the  individual  part,  goes  out  of  production,  both  r  and  v  tend 


to  rise 
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2,  Delemlnln,'':  the  ^pyi^orriate  Doraand  Rate;  Tl«Cove  even  the  "initial 

estimate"  can  be  calculated,  however,  the  "appropriate  demand  x'ate"  must  be 

selected.  Theoretically  this  is  a  complex  problem,  but  it  can  be  renolved 

1 

l^ractically  by  applying’  eome  I'eaeonable  if  arbitrary  inile. 

Although  system  demand  for  nwst  pai*ts  appears  to  follow  the  general 
rise  and  fall  of  the  proci’arns  to  which  they  aj.ply,  demand  can  be  predicted 
ordy  very  crudely  at  the  beginrdiig  of  a  pro?-ram.  Since  the  value  of  Q 
depends  upon  the  dec^and  rate  and  since  demand  tends  to  rise  aa  the  program 
increases,  if  the  Order  Quantity  were  compntecl  on  the  basis  of  the  denan.! 
expeeved  very  early,  say,  during  the  first  year  of  a  prograri',  t,hc  resultiiig 
Q  might  'oe  too  small.  As  a  result,  the  reorder  cost  .«ould  be  incurred  too 
:;ta;.y  tix;ie:j  and  the  depot  Reorder  Point  ''fculd  be  toe  large.  On  the  other 
hand,  detei’mining  Q  on  the  oaci'-'  of  too  late  (and  rxence  oc  large)  a  demand 
rate,  would  cause  errors  in  the  otlier  direction.  Ti,e  firs’,  .aep  is  to 
try  to  unierstarid  the  problem  and  its  consequences. 

For  the  lowest  /alue,  lowest  dei^and  parlc-  the  Order  Quantity  ic  several 
tiir.or  the  annual  demand  rate  used  in  comf’utin;,  it,  nicrefore,  thert^  can  be 
Inconsiclency  in  th.e  expected  operating  period  on  tiie  basis  of  the  demauid 
rate  used  in  computing  Q  and  the  operatiTig  period  realized,  simply  because 
the  expected  annual  demand  rate  changes  as  xhe  program  glows  (or  declines). 

In  addition  there  are,  of  course,  the  uncertainties  associated  with  the 
variance  of  demand  around  the  mean, 

!>aring  the  phase-in,  the  annual  demand  rate  in  expeoted  to  rise  from 
year  oo  year.  If  for  computin't  Q  demnnd  as  of  seme  date  very  early  in  the 
program  is  used,  Q  will  be  sranller,  arid  (a-’’  ic  discussed  in  tho  next  section) 

^It  should  be  emphasited  that  more  rofoarch  ir  needed  to  dotennine 
very  go^  rules. 
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30  vlll  R  in  some  case?,  thar.  they  vovi  i  be  If  the  expected  demand  later 
in  the  phase-in  were  ur.eii.  signifi'ance  of  such  under-  or  over-estimates 

depends  very  much  upon  whetr.er  the  depot  is  stocked  up  to  its  Stock  Control 
Level  or  only  up  to  its  Reorder  Point  (plus,  perhaps,  some  additional  pro¬ 
tection).  During  the  phase-out,  an  Order  Quantity  computed  on  the  basis 
of  one  particular  year’s  demand  rate  might  be  far  too  great  on  the  basis 
of  the  demands  expected  in  ’he  succeeding  years,  Vi^ithout  a  rather  elaborate 
iterative  crocess  1'.  would  Ve  only  a  coincidence  if  the  "correct”  demand 
rate,  i,e.,  the  expected  demand  at  the  "correct"  time  in  the  program,  were 
chosen  for  computing  Q. 

Tne  discussion  of  the  -ffects  of  using  a  particular  demand  rate  is 
complex  out  of  proportion  to  its  importance  and  certainly  out  of  proportion 
to  the  simple  rules  which  seem  adequate  for  use  in  early  implementation. 

The  complexity  arises  from  the  fact  that  many  alternative  situations  must 
he  co%'ered  in  the  discussion,  and  unless  they  are  mentioned  it  is  impossible 
to  see  either  the  need  for  considering  th*  problem  at  all  or  the  reason¬ 
ableness  of  the  rules  suggested.  In  the  paragraphs  which  follow  the  effects 
of  underestimating  demand  which  la  a  potential  problem  during  the  phase- 
in  —  will  he  discussed.  Then  the  problem  of  overestimating  demand,  which 
is  more  likely  to  occur  In  the  phase-out,  is  covered. 

a.  Let  us  Look  at  errors  of  unlerestlmation  of  demand^-  first, 


^For  purposes  of  this  immediate  discussion  demand  will  be  said  to  be 
"underestimated"  when  the  annual  demand  rate  used  in  computing  levels  is  less 
than  the  demand  rate  is  expected  to  be  at  the  date  when  the  Operating  Stocks 
(so  computed)  would  be  used  up  if  during  the  operating  period  the  average 
anntial  demand  in  fact  equalled  the  demand  rate  used  In  the  computation.  Demand 
will  be  said  to  b«  "overestimated"  in  the  opposite  case,  namely,  when  the 
demand  rate  is  greater  than  the  demand  rate  is  expected  to  be  at  the  date  at 
which  the  Operating  Stocks  would  be  used  up  if  during  the  operating  period 
the  average  annual  demand  in  Tact  equalled  the  demand  rate  used  in  the  computation. 


-76- 

1 

in  the  case  v^iere  at  the  beginning  of  the  program  depots  are  to  be  stocked 
up  to  their  Stock  Control  Level.  Suppose  that  the  expected  demand  rate  for 
the  mid-point  of  the  first  year  is  used  for  determining  Q;  suppose  also  that 

on  that  basis  a  depot  Operating  Stock  apparently  adequate  for  two  years  is 

2 

obtained.  Then,  as  wrill  be  discussed  below,  the  Reorder  Point  would  be 
set  on  the  basis  of  the  demand  expected  at  the  end  of  two  years.  However, 
since  the  program  is  growing,  the  total  demand  through  the  two  years  that 
the  Operating  Stocks  are  supposed  to  cover  will  in  fact  be  more  than  that 
used  in  computing  Q,  and  stocks  will  run  out  before  the  predicted  two  years 
have  elapsed.  Then,  at  the  time  when  it  will  actually  be  needed,  the  Safety 
and  Pipeline  Stock  will  be  too  large,  having  been  computed  on  the  basis  of 
demand  at  the  end  of  two  years;  hence,  there  -will  be  too  large  an  investment 
in  the  Safety  and  Pipeline  Stocks.  Further,  toe  many  depot  reorders  will 
have  to  be  placed  and  excessive  reorder  costs  incurred. 

The  consequences  of  these  inaccuracies  are  not  as  serious  as  might 
appear  from  the  complexity  of  tracing  them  out.  The  case  where  the  depot 
is  to  stock  up  to  its  Stock  Control  Level  very  early  in  the  program  and 


^If  the  depot  were  stocked  initially  up  to  its  Stock  Control  Level  only 
for  those  items  for  which  the  bases  were  expected  to  hit  their  Reorder  Points 
within  three  months,  this  would  cover  those  items  with  an  expected  base-level 
annual  demand  of  $800  or  more.  If  the  cut-off  were  six  months,  this  would 
cover  items  with  an  annual  base-level  demand  of  $200  or  more.  Assuming  10 
bases  in  the  system  these  represent  items  with  an  annual  mature  program  expected 
demand  of  $8,000  and  $2,000  respectively.  An  examination  of  the  tables  in 
Appendix  III  indicates  that  the  great  majority  of  the  line  items  have  base-level 
annual  demands  of  less  than  $200  and,  of  course,  even  more  have  less  than  $800 
per  year. 

2 

With  a  reorder  cost  of  $200  and  a  bold''.'  cost  of  20  per  cent,  this  would 
result  for  a  pari  with  an  expected  s/'i'em  demand  of  100  per  year  and  a  price 
of  $5  or  for  all  parts  with  annual  value  of  system  demand  of  $500, 
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where  the  demand  rate  used  in  computing  Q  is  ”too  small”  can  arise  only 
when  the  computed  operating  period  is  substantially  longer  than  that  for 
which  the  Operating  Stocks  will  in  fact  last.  Long  operating  periods,  say 
of  more  than  a  year,  occur  only  in  the  cases  of  parts  for  which  the  value 
of  issues  (demand  times  unit  cost)  is  low.^  On  the  other  hand,  the  depot 
should  not  normally  stock  up  to  its  full  Stock  Control  Level  except  for 
items  for  which  an  earlv  demand  from  th<^  bases  can  be  reasonably  expected, 
that  is,  for  those  items  for  which  the  base  operafng  period  is  small,  say 
less  than  six  months.  These  are  items  for  which  the  annual  value  of  base- 
level  demand  is  expected  to  be  relatively  large,  more  than  *?00  per  base 
under  the  assumptions  of  Table  3.  The  band  of  line  items  for  which  this 
problem  could  arise,  therefore,  is  very  small.  Further,  although  reorder 
costs  are  too  high  when  the  Order  Quantity  is  too  low,  there  is  a  partially 
offsetting  reduction  in  holding  costs. 

Since  during  the  very  early  part  of  the  program  the  estimates  of  demand 
are  verv  inaccurate,  there  is  actually  some  advantage  in  keeping  depot  stocks 
low  in  case  demand  per  weapon-month,  or  per  flying  hour,  has  been  overestimated. 
On  the  other  hand,  there  is  little  risk  of  serious  trouble  in  the  event  that 
demand  has  been  underestimated,  because  the  production  leadtime  should  be 
relatlvelv  short,  and,  as  w  11  be  discussed  below,  there  are  ways  of  providing 
additional  depot  protection  during  the  phase-in. 

An  examination  of  several  arithmetic  examples  indicates  that,  even 
leaving  aside  the  possibility  of  errors  in  predicting  the  mean  demand,  erring 

H/ith  a  reorder  cost  of  5?00  and  a  holding  cost  of  ?0  percent, the  depot 
operating  period  exceeds  two  years  onlv  in  cases  where  the  annual  value  of 
svstem  demand  is  less  than 
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on  the  side  of  using  ’’too  early*'  a  demand  estimate  leads  to  very  small 
extra  costs  over  the  optimal  policies.  The  additional  advantage  of  having 
an  opportunity  to  obtain  some  demand  experience  before  the  major  buys  are 
made  means  that,  on  balance,  it  is  probably  wise  to  compute  the  Order  Quantity 
or.  the  basis  of  demand  early  in  the  program  and  then  to  recompute  it  each 
time  the  Reorder  Point  is  reached,  or  (with  an  integrated  data-processing 
system)  whenever  it  has  been  determined  that  the  demand  is  markedly  different 
from  the  original  prediction.  It  seems  reasonable,  therefore,  to  take 
initially  the  annual  demand  as  of  some  date  early  in  the  program,  such  as 
the  production  leadtime  plus  one  year  from  the  date  of  the  computation  for 
parts  costing  less  than  JlO  and  plus  six  months  for  parts  costing  more 
than  that. 

In  the  case  where  the  depot  is  not  to  be  stocked  up  to  its  Stock 

Control  Level  at  the  beginning  of  the  program,  'onderestimating  demand  in 

this  sense  can  be  avoided  altogether.  The  demand  expected  at  the  time  when 

bases  begin  to  make  demands  upon  the  depot  should  be  used. 

b.  If  at  some  point  in  the  program,  the  operating  period  is  long 

enough  to  extend  beyond  the  peak  of  the  program,  the  danger  of  overstating 

demand  becomes  more  important.  Account  should  be  taken  of  the  fact  that 

the  demand  per  calendar-month  idll  decrease,  oven  if  the  demand  per  alrcraft- 

or  ml sslle-raonth  or  per  flying-hour  should  remain  const^int.  To  illustrate 

the  point,  suppose  that  the  depot  hits  its  Reorder  Point  for  some  particular 

item  during  the  peak  year  of  the  program.  Suppose  further  that  the  price 

of  the  item  and  the  other  factors  in  Equation  I  are  such  that  Q  equals 

1 

throe  years*  supply  at  the  peak  demand  rate.  If  the  program  wore  to  taper 

^Assuming  a  depot  reorder  cost  of  f2ro  .and  a  hcl  iirg  cost  of  ?0  per  cent, 
such  an  operating  period  of  7«ar3  or  more  would  occur  for  items  having 

an  annual  value  of  demand  of  v50C  system-wide. 
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off  fast  from  the  peak,  if  it  were,  for  example,  to  be  reduced  by  one-half 
the  peak  strength  in  each  of  the  succeeding  two  years,  the  Operating  Stocks 
computed  in  this  way  would  be  clearly  excessive.  The  same  situation  coiild, 
of  course,  arise  at  other  points  in  the  program  and  for  the  very  cheap,  veiy 
low-demand  parts  it  could,  in  fact,  arise  before  the  peak  period. 

This  problem  is  managed  by  introducing  a  ”fina]  buy”  irule,  which  is 
discussed  below. 

3.  Adjusting  for  the  Rise  In  Price  and  Reorder  Cost  as  the  End  of 
Production  Occurs:  It  is  desirable  that  the  Air  Force  obtain  information 
from  the  contractor  about  the  pending  termination  of  production  of  many 
items  in  time  for  the  Air  Force  to  buy  at  the  ’’present”  price  and  ’’present” 
reorder  cost.  With  this  information,  the  Order  Quantity  should  be  recomputed 
one  procurement  leadtime  before  the  termination  of  production.  The  problem 
is  to  determine  whether  to  buy  ’’now”  to  avoid  (or,  more  precisely,  to  increase 
the  chance  of  avoiding)  the  higher  costa  of  bu;;ring  later.  This  implies 
balancing  the  risk  of  having  to  buy  later,  incurring  the  higher  reorder 
cost  and  (possibly  higher)  price,  against  the  cost  of  holding  an  additional 
unit  in  the  Operating  Stocks  from  now  until  the  time  when  the  new  order 
would  have  to  be  placed. 

The  procedure  is  as  follows:  Using  the  pre-termination  price  and 
the  post- term! nation  reorder  cost,  compute  Q.  If  this  value  of  Q  equals  or 
exceeds  two-thirds  the  total  expected  demand  for  the  rest  of  the  program, 
compute  a  ’’final  buy”  quantity,  also  using  the  post-termination  values  of 
v  and  r,  and  use  it.  If  this  Order  Quantity  is  less  than  two-thirds  the 
total  demand  for  the  remainder  of  the  program,  use  it  as  the  Order  Quantity. 
For  most  items  it  appears  that  the  final  buy  will  in  fact  be  made  at  or 
before  the  termination  of  production  of  the  items  in  question. 
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It  may  not  always  be  possible  to  get  the  information  necessary  to 
determine  the  time  of  termination  of  all  items,  or  the  relevant  cost  factors 
when  they  do  in  fact  go  out  of  production.  In  many  cases,  it  is  not  neces¬ 
sary  to  have  such  information,  because  relatively  early  in  the  program  a 
life-of-type  buy  will  be  called  for,  even  on  the  basis  of  the  lower  in¬ 
production  reorder  cost.  In  cases  where  the  information  would  be  desirable 
but  is  not  available,  the  appropriate  manager  must  simply  exercise  Judgment 
as  to  whether  to  continue  using  whatever  the  current  unit  cost  and  reorder 
coat  are  or  to  introduce  some  arbitrary  rule,  such  as  recomputing  one  year 
before  the  termination  of  the  production  of  the  end  item  on  the  assumption 
that  reorder  costs  and  prices  will  rise  by  some  estimated  amount.  Certainly, 
for  Category  11  parts  at  least,  such  termination  Information  should  be 
reouired  in  anv  integrated  data  processing  system. 

4.  The  Final  Buy  Quantity:  If  at  any  time  during  the  life  of  the 
program  being  supported  the  Order  Quantity  exceeds  two-thirds  the  expected 
total  demand  for  the  remainder  of  the  program,  a  Final  Buy  computation 
should  be  made.  The  occasion  for  this  has  been  discussed  briefly  in  the 
preceding  subsections.  There  are  some  important  differences  between  the 
computation  of  the  base  Final  Order  Quantity  (Q^,)  and  the  depot  ”inal  Buy 
Quantity  . 

First,  in  determining  whether  to  make  the  Final  Buy  computation,  the 
Order  Quantity  should  be  compared  not  with  the  product  of  the  current  annual 
demand  rate  times  the  years  remaining  in  the  program,  as  in  the  base  case; 
but  it  should  be  compared  with  the  sum  of  the  expected  annual  demands 
throughout  the  remainder  of  the  program,  taking  account  of  the  fact  that 
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the  expected  annual  demand  changes  during  the  rise  and  fall  of  the  program. 

This,  of  course,  arises  from  the  difference  between  phasing  a  weapon  into 

and  out  of  the  system  and  converting  individual  bases. 

As  will  be  developed  in  the  next  section,  the  demand  rate  to  be  used 

in  computing  R  is  based  upon  the  expected  system  demand  rate  at  the  time 

when  the  depot  Safety  and  Pipeline  Stocks  are  expected  to  be  used.  The 

depot  Final  Buy  Quantity  provides  essentially  remaining  life-of-type 

Operating  Stocks  and  consequently,  the  depot  Reorder  Point  is  not  expected 

2 

to  be  reached  at  all.  To  put  it  another  way,  the  depot  Reorder  Point  is 

not  expected  to  be  reached  until  the  system  demand  has  fallen  to  zero, 

•> 

hence  the  Reorder  Point  would  tend  to  be  zero."  Tiiis  introduces  an  entirely 
new  element  into  the  Final  Crier  Quantity  computation. 

The  Final  Order  Quantity  for  the  base  is  derive i  from  equation  (1.36) 
of  Appendix  I, 

(1.36)  t’Pq  >  h»  >  r»f„ 

^F-1 

where;  Qp  »  the  economical  Final  Order  Quantity; 


1  y  2 

■"Whereas  the  relevant  comparison  for  the  base  is  Q  <  ^  dn,  where 
n  “  the  number  of  years  remaining  in  the  program;  the  relevant  comparison 
for  the  depot  case  is  ,  n 

2 

There  is,  of  course,  some  probability  that  the  depot  Operating  Stocks 
will  be  used  up  and  the  Reorder  Point  reached.  The  probability  Is  greater 
the  higher  the  cost  of  the  item,  all  else  equal. 

''There  appears  to  be  no  particularly  useful  way  of  treating  the  expected 
mean  demand  as  zero  and  computing  a  Reorder  Point  to  take  account  of  the 
positive  de’/iatlons  from  such  a  mean. 
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h’  =  the  discounted  cost  of  holding  one  unit 
from  now  until  the  end  of  the  program; 

r’  *  the  discounted  cost  of  a  shipment  of  one  unit 
at  the  end  of  the  program; 

P_  =  the  probability  of  Q-  or  more  demands  between 
now  and  the  end  of  the  program. 

Three  modifications  in  this  are  reouired  for  the  computation  of  the 

Final  Buy  Quantity.  The  depot  would  logically  have  no  Safety  and  Pipeline 

Stocks  if  it  were  holding  life-of-type  Operating  Stocks.  Hence,  any  demand 

upon  the  depot  greater  than  Q  would,  if  no  stocks  could  be  shifted  from 

B 

other  tasks,  cause  a  depot  shortage  as  well  as  a  new  procurement.  Further, 

unless  some  other  action  can  be  taken,  the  shortage  will  last  throughout 

the  procurement  leadtime,  which  near  the  end  of  the  program  will  tvpically 

be  relatively  long  since  peculiar  items  will  by  that  time  normally  be  out 

of  production.  Sonseouently,  should  be  rewritten  as^ 

(U)  (s’  +  r’)PQ  >  h’  >  (s’  ♦  r’)PQ 

^B-1 


where:  s’  =  the  discounted  depot  shortage  cost  taking  account 

of  the  fact  that  the  shortage  would  last  throughout 
the  post-termination  leadtime. 

=  the  Flna]  Buy  Quantity 

D 

P  -  the  probability  of  Q-jor  more  demands  between  now  and 
^B  the  end  of  the  program. 

In  interpreting  eouation  (4)  the  reorder  cost  should  alwavs  be  taken 
as  the  post- termination  reorder  cost  since  Q  would  normally  be  exhausted 

D 

only  verv  late  in  the  program.  The  unit  cost,  used  in  determining  h’ 
(Appendix  l),  should  be  the  pre-termination  price  if  the  Final  Buy  is  in  fact 


A  small  error  is  introduced  in  this  formulation  since  the  shortage  coat 
would  be  incurred  only  if  the  demands  in  the  rest  of  the  program  exceed  Q 
while  the  reorder  costs  are  incurred  if  demand  exceeds  Q 


V 
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to  be  made  before  the  termination  of  production.  Otherwise,  it  should,  of 
course,  be  the  post-termi nation  price. 

D.  Depot  'de order  Points 

Vow  that  the  determination  of  the  depot  Order  Quantity  under  various 
conditions  has  been  described,  we  can  discuss  the  depot  Reorder  Point  com¬ 
putation.  The  general  policy  to  be  applied  in  the  determination  of  depot 
Reorder  Points  is  to  use  the  equation  (2)  used  for  the  determination  of 
base  Reorder  Points,  with  those  modifications  necessary  to  make  it  fit  the 
depot  problem.  The  differences  in  the  interpretation  of  the  factors  in  the 
enuation  have  been  outlined  above.  There  remain  only  three  central  problems, 
all  related  to  the  dynamics  o''  the  program  of  the  end  items  being  supported. 
They  are;  (l)  the  determination  of  what  demand  rate  to  use  in  the  computa¬ 
tion  of  R;  (2)  the  effect  of  the  termination  of  production  of  the  item  upon 
Rj  and  (3)  the  appropriate  R  to  use  in  the  event  that,  at  any  point  In  the 
program,  bases  have  life-of-tjrpe  Operating  Stocks. 

1.  Determining  the  Appropriate  Demand  Rate;  As  in  the  case  of  computing 
Q,  there  is  a  problem  of  deciding  what  demand  rate  to  use  in  computing  R. 

The  size  of  R  depends  upon  the  demand  rate  used;  in  a  growing  program,  it 
will  be  smaller  if  demand  expected  in  the  first  year  should  be  used  than 
If  demand  for  the  third  or  fourth  year  were  used.  Later  in  the  program, 
demand  rate  at  the  peak  of  the  program  would  call  for  a  larger  R  than  would 
demand  near  the  end  of  the  phase-out.  Of  course,  the  demand  rate  to  use  is 
the  expected  demand  rate  at  the  time  when  the  depot  is  expected  to  reach  its 
Reorder  Point. 

a.  For  those  parts  where  the  deo'-t  will  stock  up  to  the  Stock  Control  Level 
at  the  beginning  of  the  program,  the  Important  date  is  that  date  at  which 


the  depot  Order  Quantity  Is  expected  to  be  exhausted,  as  that  Is  the  time 
when  the  Safety  and  Pipeline  Stocks  probably  will  be  needed.  In  this  case 
the  depot  operating  period  determines  the  appropriate  system  denand  rate 
for  determining  the  depot  Reorder  Point.  In  other  words,  using  the  program 
information  for  the  date  at  which  the  denot  Order  Quantity  is  expected  to 
be  consumed,  estimate  the  system  demand  rate  and  from  it  derive  the  depot 
Reorder  Point. 

For  those  parts  which  the  depot  will  not  stock  up  to  its  Stock  Control 
Level  early  in  the  phase-in,  the  relevant  date  in  determining  R  is  that  at 
which  demands  on  the  depot  may  first  be  expected  from  the  bases.  Therefore, 
taking  the  program  level  expected  at  the  time  when  the  first  base  to  be 
phased  in^is  expected  to  reach  its  Reorder  Point,  estimate  system  demand 
for  the  item  in  ouestion.  Compute  the  depot  Reorder  Point  on  the  basis  of 
that  demand  estimate.  In  this  way,  the  depot  Reorder  Point  is  made  consis¬ 
tent  with  the  expected  system  demand  at  the  time  when  orders  will  probably 
be  placed  against  the  depot. 

For  some  items  this  procedure  will  result  in  depot  Reorder  Points 

2 

based  upon  expected  demand  rates  late  in  the  program.  Since,  at  the  time 
of  initial  stockage,  demand  late  in  the  program  is  most  uncertain,  this 
proposal  must  be  exaitdned  more  closely.  Taking  two  extreme  situations: 


If  for  any  reason  some  operating  base  other  than  the  first  is  expected 
to  use  up  its  Operating  Stocks  earlier  than  the  first,  the  relevant  date 
is,  of  course,  the  date  at  which  that  base  is  expected  to  hit  its  Reorder 
Point.  This  does  not  appear  to  be  a  case  of  ma^^or  practical  importance. 

2 

The  natural  tendency  to  provide  ample  base  stockage  for  a  new  weapon 
will  cause  this  to  be  true  in  more  cases  than  are  indicated  in  the  Tables 
or  in  Enuation  (l),  because  this  tendency  has  the  same  effect  as  an  over¬ 
estimate  of  base  demand  rates. 
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(l)  Suppose,  firs%  thpj  the  firrt  base  is  eocpected  to  require  resupply 
at  the  p^ak  of  the  pro.rrara.  Then,  the  depot  Reonier  Point  'v^uld  be  com- 
jnited  on  the  basis  of  the  hipheat  system  demand  expected  for  the  entire 
profrar.,  At  first  glance  tnis  may  seem  ic  be  a  source  of  serious  over- 
stockage.  'lore  careful  exainination  indicates  that,  unless  demand  per  program 
element  is  badly  overestimated  in  determining  R,  this  ic  not  ai;t  to  be  the 
case  for  three  reasons.  Firs^  this  situation  typically  will  arise  only 
for  the  low-value,  low-<iemand  items,  so  any  cverstockare  Is  not  likely  to., 
be  serious  in  dollar  terns.  Second,  for  such  items  the  Reoixier  Point 
usually  constitutes  only  a  small  fraction  of  the  Stock  Control  Level.  Third, 
if  there  is  a  demand  against  the  depot  at  that  time,  part  of  the  (large) 
Safety  and  Pipeline  Stocks  will  be  used  to  fill  the  base  oxtier  or  orders 
and  a  new  Order  Quantity  vond  Reorder  Point  -will  be  computed. 

The  real  problems  arise  only  if  demand  per  program  element  has  been 
seriously  overestimated.  During  the  phase-in,  it  should  be  possible  to 
adjust  the  Reorder  Point  to  reflect  the  demand  actually  experienced  during 
the  early  part  of  the  phase-in.  VJith  the  present  manual  data  pi'oeessin.': 
syetera  this  could  be  done  only  imperfectly  but  it  is  not  impossible.  It 
appears  to  be  higtily  desirable  to  increase  the  data-gatherinp  at  the  first 
bases  issuiac  any  new  weapon  and,  absent  even  that,  it  might  be  possible  to 
catch  the  worst  errors  from  the  Stock  Balance  and  Consumption  Reports. 

For  a  program  phasing  in  over  thi'ee  years,  the  occujTence  of  the  first 
demand  against  the  depot  at  the  program  peak  could  arise  (under  the  assump¬ 
tions  of  Table  3)  for  items  with  an  annual  value  of  Issues  of  $5.50.  This 
group  of  parts  accounts  for  only  a  small  fraction  of  the  dollars  invested 
in  inventory  but  for  a  modest  pi^i>ortlon  of  the  line  items. 


ri'%'.  a-)2 

(2)  Tak«  as  the  second  extreme  the  case  whei-e  bases  are  initially 
stocked  with  life-of-type  stocks;  this  procedure  (of  setting  R  by  rising 
the  demand  expected  when  a  base  I'irst  orders  on  the  depot)  would,  of  course, 
result  logically  in  aero  depot  Reorder  Points  —  the  bases  would  be  expected 
to  reach  their  Reorder  Points  nhen  system  demand  should  be  zero. 

Early  in  the  program,  when  demand  estimates  are  very  unreliable  and 
wlien  there  are  few  bases  I'l'Oir.  wliich  the  part  fni;-h‘  be  drawn  if  demand  were 
far  hipticr  than  estimated,  it  is  clearly  risky  to  operate  with  no  depot 
stocks.  On  the  other  hand,  there  is  at  least  as  rood  a  chance  that  future 
demands  will  have  been  overestimated  as  u/kdei’estimated,  so  there  is  cone 
advantage  in  limiting  depoi  stocks.  There  are  .many  ways  of  meeting  this 
situation  (which,  of  course,  will  arise  only  in  the  case  of  very  inexpensive 
itemc^).  One  simple  way  is  to  bring  into  the  depot  at  the  be.ginning  of  the 
program  the  full  amount  cf  the  Stock  Conti-ol  Level  foi'  one  or  two  of  the 
basea  which  will  receive  th<  weapon  late  irr  the  phase-in.  In  this  way,  the 
system  has  some  degree  of  protection  should  the  demands  at  the  first  few  bases 
prove  so  much  greater  than  expected  that  they  must  be  resupplied  early,  .^t 
the  same  time,  should  the  demarxi  prediction  turn  out  to  be  roughly  correct  or 
ovoreslimated,  the  depot  can  si. ip  out  to  the  later  baoes  the  stocks  brought 
in  for  them  and  no  extra  procureicent  need  be  incurred.  Furt.ber,  if  informa¬ 
tion  that  dem.and  has  been  greatly  everestir.ated  is  made  available  to  the 
appropriate  manager  early  in  the  pharo-in,  he  maj-  be  able  to  curtail  the 
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orders  outstanding  and  use  the  depot  stocks,  which  were  originally  earmarked 
for,  say,  the  last  two  bases  to  be  phased  in,  to  support  several  bases  earlier 
in  the  phase-in. 

There  remains  the  problem  of  determining  the  Reorder  Point  later  in 
the  program.  Once  demands  on  made  against  the  depot  by  the  bases,  the 
depot  should  be  stocked  up  to  the  Stock  Control  Level,  and  the  earlier 
description  of  how  the  depot  Reorder  Point  should  be  determined,  using 
expected  system  demand  at  the  end  of  the  depot  operating  period,  applies 
except  that  the  termination  of  production  st-ould  be  taken  into  account. 

?.  Termination  of  Production;  Once  the  item  goes  out  of  production, 
the  Reorder  Point  should  be  high  enough  to  provide  adequate  protection 
through  the  longer  procurement  leadtime,  any  increase  in  price  will  have  a 
(probabl-^  slight)  offsetting  tendency.  The  increase  in  reorder  cost  w 11 
have  only  an  Indirect  effect  through  increasing  Q,  and  hence  slightly 
decreasing  R.  One  procurement  leadtime  before  the  termination  of  productioi 
of  the  item,  the  'Reorder  Point  should  be  comfAited,  using  the  projected  post¬ 
production  leadtime,  price  and  Q  determined  with  the  post-procurement  values. 
The  appropriate  demand -rate  is  the  rate  expected  to  be  in  effect  one  operating 
period  after  the  termination  o''  production.  P.  and  Q  computed  in  this  way 
provide  the  Stock  Control  Level  for  the  period  after  the  end  of  production. 

If  the  stocks  on  hand  in  the  depot  one  procurement  leadtime  before  the  end 
of  production  are  less  than  the  new  Reorder  Point  (plus  expected  depot  issues 
prior  to  the  termination  of  production),  a  buy  enual  to  the  difference  between 
the  new  Stock  Control  Level  and  the  expected  depot  assets  at  the  end  of 
production  should  be  made  at  the  in-production  prices. 

3.  Depot  R*8  and  Base  C.,*s;  One  contingency  remains  to  be  discussed. 
What  should  be  the  depot  R  after  the  initial  phase-in  if  the  bases  are  holding 
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llfe-of-type  Operating  I'tocks?  The  logic  of  the  argument  of  this  chapter 
calls  for  a  zero  Reorder  Point  under  these  conditions  and,  oossibly,  no 
depot  Operating  Stocks  either.  This  is  too  risk:/’.  Early  in  the  program 
the  system  could  be  ade'Miately  protected  as  discussed  above  by  the  stocks 
held  at  the  depot  for  bases  phasing  in  late.  During  the  pliase-out,  some 
assets  CO  lid  be  returned  to  the  depot  to  constitute  a  system  reserve.  There 
remains  the  nroblem  of  the  mid-range  of  a  program.  Here  it  appears  that 
the  appropriate  policy  might  be  to  hold  back  from  some  of  the  bases  their 
full  life-of-type  Operating  Stocks  or  to  rely  on  redistribution  between 
bases  to  cover  individual  base  shortages.  This  is  an  area  in  which  manage¬ 
ment  will  have  to  exercise  Judgment  until  a  practical  and  reasonably  rigorous 
solution  is  worked  out.  • 

S.  Sunmary  of  Depot  "tockage  Policies 

In  general,  the  stockage  rules  developed  in  Chapters  II  and  III  for 
base  stockage  are  taken  over  and  modified  to  develop  depot  stockage  rules. 
Some  redefinition  of  terms  is  needed  to  make  the  formulations  fit  the  depot 
situation,  but  the  chief  problem?  of  develoning  depot  rules  are  associated 
with  the  dynamic  aspects  of  the  growth  and  decline  of  weapon  system  and 
other  end-item  programs. 

Because  of  the  dominance  of  the  Cynamlc  aspects  of  depot  stockage,  no 
simple  static  comparison  between  the  uresent  and  proposed  policies  such  as 
was  presented  for  the  base  situation  in  Tables  6-9  would  be  of  value.  The 
overall  effect  of  anplyirg  the  proposed  policies  at  the  depot  level  would 
appear  to  involve  reduced  stocks  of  the  relatively  high-cost,  high-demand 
items,  because  of  the  weight  given  to  the  cost  of  holding  and  keeping  tliera 


in  the  system 
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Early  in  the  program,  at  least,  there  should  be  a  similar  reduction 
of  depot  stocks  of  the  great  bulk  of  low-cost,  low-demand  items,  ^his  fol¬ 
lows  from  the  fact  that  the  proposed  policies  explicitly  take  account  of 
the  fact  that  the  bases  should  be  stocked  with  up  to  several  years*  expected 
consumption  of  such  items.  Early  in  the  program  the  depot  stocks  of  such 
items  should  be  very  small  and,  assuming  that  it  is  feasible  to  have  direct 
shipment  to  the  bases,  should  remain  snail  for  many  of  these  items  during 
most  of  the  phase-in. 

Later  in  the  program  the  depot  stn  cks  of  such  items  would  theoretically 
be  greater  than  in  the  present  system  and  the  frequency  of  reordering  them 
from  the  manufacturers  would  he  correspondingly  decreased.  As  individual 
items  go  out  of  production^  a  terminal  buy  is  called  for  and  Its  net  effects 
as  compared  to  the  terminal  buys  in  the  present  practice  are  impossible  to 
determine  at  this  point. 

In  order  for  the  svstem  to  operate  at  maxlnnim  effectiveness,  there  is 
a  real  need  for  better  information  coming  from  the  earliest  operatlorAl 
locations  of  a  new  weapon  or  other  end  item  to  the  managers,  because  much 
of  the  economy  of  depot  stockage  depends  upon  being  able  to  react  in  a 
period  of  a  few  months. 

The  stockage  of  common  parts  at  the  depot  levels  presents  no  great 
problems  because  of  the  fact  that  the  d.'mamics  o'*  a  particular  program  are  not 
apt  to  influence  significantly  the  consumption  of  common  items.  All  that 
is  required  in  this  case  le  that  the  equation  developed  for  base  stockage 
be  interpreted  to  reflect  the  depot  situation.  Thus,  the  reorder  cost  is 
the  procurement  reorder  cost,  the  relevant  pipeline  timiS  is  the  procurement 
leadtime,  the  shortage  cost  is  the  cost  of  overcoming  a  shortage  at  the  dejsot 
and  the  pertinent  demand  rate  is  the  system  consumption  or  condemnation  rate. 
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For  purposes  o!*  illustratior,,  the  follovrirg  three  tables  flj-15)  trace 
out  vdthout  elaboration  or  nuali ficatior  ^he  major  steps,  questions  and 
iecislors  for  depot  stockage  of  items  pe-uMar  to  particular  end  items. 

The  appropriate  initial  depot  stockage  (Table  13)  for  an  item  will 
depend  upon  the  depth  to  which  the  bases  are  initially  stocked,  and  second- 
ari  ly  upon  the  size  of  the  depot  9rder  Quantity  and  the  total  expectS'i  con¬ 
sumption  of  the  item  during  the  progra" .  If  the  stocks  at  the  first  bases 
are  expected  to  last  f or  a  relatively  long  period,  say  in  excess  of  six 
months,  the  depot  need  only  stock  up  to  its  Reorder  Point  plus  some  addi¬ 
tional  protection  such  as  the  Stock  Control  Levels  of  one  or  two  bases. 

If  the  base  stocks  are  initially  so  small  that  the  depot  can  expect  to  have 
demands  placed  against  it  in  the  first  ^ew  months  of  the  program,  the  denot 
should  stock  up  to  its  “"tock  Control  Level  irdtiallv.  In  the  unlikely  event 
that  the  bases  might  have  short  operating  periods  but  the  depot  Order  Quan¬ 
tity  is  large  relative  to  the  expected  issues  throughout  the  program,  the 
depot  should  stock  only  a  Final  Buy  Quantity. 

Later  in  the  orograni  when  the  base  receives  an  order  or  request  to 
shin  to  a  base.  Table  H,  it  should  normally  make  the  issue  unless  doing 
so  will  cause  a  shortage  at  the  depot.  If  the  issue  carries  the  depot’s 
stocks  to  or  below  the  Feorder  Point,  the  depot  should  compute  its  own  Order 
Quantity  using  the  svstera  demand  expected  in  the  relatWely  near  future. 

If  the  item  can  still  be  obtained  at  the  pre-termination  price  and  reorder 
cost,  Q  should  be  computed  using  those  values  of  v  and  r;  if  not, the  post¬ 
termination  values  should  be  used.  Once  Q  is  computed,  a  determination 
should  be  made  as  to  whether  to  make  a  Final  Buy  computation.  If  so,  that 
is  the  amount  to  be  stocked.  It  should  be  noted  that  the  depot  Final  Buy 
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Table  13 


Initial  Depot  :?toc kage 


Get  eatltriatea 
of  post-termination 
r  and  t  if 
ivallable 


i-  ves— - 


Compute  Q  j 

B  I 


stock  0^  I 


j '  re  early  base  Q’s  '  -  yes 
c  6  mo.  ^96  demand?! 

I 

no 


Compute  Q  using  system 
;  demand  at  procurement  I 
'  leadtime  plus  one  year  i 
;  for  Cat  III  items  plus 
i6  mos.  for  other  items 


1 

no 


_ . 

[compute  R  using  Q  and  H 
[Remand  as  described  above | 

i 

. 

I  stock  R  plus  Q  1 


At  what  date  is  first | 
depot  demand  expected] 
from  base?  ! 

1  ^ 

r 

Compute  R  using  the 
operating  period  de¬ 
rived  above  and  system 
demand  at  the  end  of 
that  period 

f 

! Stock  at  depot  R  as 
computed  plus  SCL  for 
two  bases  expected  to 
phase  in  late  in  the 
program. 
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Table  IL 


Depot  .Reaction  to  a  Base  Order 


Will  filling  the 
order  carry  stocks 
to  or  below  R.- _ 


Make 

issue 


Make  hoc 
decision  as 
to  how  to  handle 
the  order'^ 


Will  it  carry  stock* 
to  below  zero? 


_ .  Make 

^  issue 

_ _ 

Determine  expected 

system  demand  1  yr. 
or  6  mo.  plus  lead- 
time  in  the  future 


Compute  Q  with  post¬ 
termination  values 
of  V  and  r  _ 


Can  item  still  be 
bought  at  in-productior 
V  and  r? 


Can  item  still  be  bought  at 
pre-termination  val'ies  ^ — 

1 _  Y  and  rV  _ i 

I 

ves 

'  0 

Compute  Q 

Compute  wi th 

with  post- 

post- term. 

term,  r  and 

Values  of  r  “i-  V 

pre-term,  v 

Is  Q 


jCompute  Q  with  those 
lvalues  of  v  and  r 


At  the  end  of  the 
operating  period,  can 
item  be  bought  at  pre — yea- 
term.  values  of  V  ^  r? 


Compute  R  using  the 
system  demand  rate  at 
the  time  Q  is  expected 
to  be  exhausted  and 
using  post-term,  values 
of  r,  t  and  v. 


Compute  R  using  the 
system  demand  rate 
>at  the  time  Q  is 
expected  to  be  ex¬ 
hausted  and  using 
the  pre-term,  value* 
of  r,  t  and  v. 


Stock  Q  plus  R 


^Falls  outside  the  scope  of  this  Research  Memorandum 
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Table  13 


Terminal  Buy 


■"criteria  for  lisposal  are  outside  the  scope  of  this  [lesearch  Memorandum 
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computation  takes  account  of  the  risk  of  incurring  a  depot  shortage.  If 
a  Final  Buy  is  not  appropriate,  a  new  Reorder  Point  is  to  be  computed  with 
the  appropriate  values  of  r,  t  and  v  and  the  depot  should  bring  Its  stock 
on  hand  and  due-in  up  to  the  new  Stock  r^ontrol  Level, 

At  least  for  the  higher  value  Category  TI  items,  but  if  possible  for 
all  items,  it  is  desirable  to  recompute  the  levels  shortly  before  the  item 
is  scheduled  to  go  out  of  production  so  that  the  Air  Force  may  buy  at  the 
pre-termination  prices  and  reorder  costs.  The  post-termination  values 
of  r,  t  and  v  should  be  used  in  computing  R  and  Q  and,  if  appropriate,  in 
computing  Q  .  The  depot  stocks  should  be  brought  up  to  the  sum  of  R  and  Q 

n 

or  to  Qg  as  appropriate;  Table  15  illustrates  the  steps  involved. 
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V.  DATA  iiEiUIj?i>IE:JTS 

An/  inventory  policy  requires  data  if  it  is  to  operate.  The  purpose 
of  tiiis  chapter  is  to  describe  the  data  needs  of  the  proposed  policies 
and  to  discuss  the  sensitivity  of  the  policies  to  inaccuracies  in  the  data, 
dy  understandin.:^  the  latter  a  i-easonaole  .'judr.ement  can  oe  niade  about  the 
effort  that  should  be  devoted  to  improving  the  accuracy  of  each  kind  of 
data. 

It  is  not  intended  to  discuss  systematically  here  how  to  make  the 
required  estimates,  iior  will  the  sources  of  the  data  in  tne  Air  Force, 
the  information  flows  or  tht  data  manipulations  be  treated.  At  present, 
joint  efforts  to  determine  some  of  the  parameter  values  arc  under  way  by 
pjersonnel  from  RANU,  from  the  AMC  Directorates  of  Plans  and  Pxx) grams  and 
of  Supply  w..ti  some  assistance  from  Comptroller  personnel.  It  appears 
that  adequate  data  and  eatlnatea  can  be  obtained  without  excaealve 
cost  or  delay.  Tht  p'iicies  will  operate  far  more  effectively  with  an 
integrated  electronic  data-processing  system  than  witn  thf  present 
predominantly  manual  and  mechanical  s.'stcm.  However,  even  with  present 
data  processing  the  proposed  policies  should  result  in  considerably  more 
effective  and  economica]  stocka.’e  than  do  the  present  practices. 

For  the  purposes  of  applying  the  equations,  the  data  requirements 
may  be  classified  as  foliowr: 

1.  Identifying  and  prorram  infonnation  6.  Reorder  cost 

2.  Demand  Data  7.  Shortage  cost 

3.  Pipeline  Time 

4.  ilolding  cost 

5.  Keeping  cost 


•Mu: 
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These  are  Lhr  para'ncters  requii'ed  for  solvin.s?  Equations  I  and  2  and 
for  settin;^  the  "final”  Order  ^uantiLy.  ijcplicit  infor;nation  on  demand 
and  on  pipeline  times  is  required  by  the  "67-1”  system  also.  The  "67-1" 
policy  pareimeters  carry  implicit  assumptions  about  the  other  variables. 

A.  Sensitivity 

iiefore  discassin.^  furtlier  the  kinds  of  data  required,  it  is  worth 
considering^  the  accuracy  wit;'  which  tlie  various  parameters  need  be  de¬ 
termined.  ilone  of  them  can  be  dectrmined  with  perfect  accuracy.  Demand 
and  shortage  cost  are  particularly  hard  to  estimate.  Even  unit  cost, 
which  at  first  glance  seems  very  strai'^htforward,  is  not,  for  the  cost 
that  we  wjuld  like  to  have  is  the  value  of  the  item  to  the  Air  Fojxe  at  the 
time  a  stockade  decision  is  bcint'  made.  The  cost  information  available 
is  usually  the  price  at  w  ich  the  item  was  last  purchased.  Since  the  price 
may  have  risen  or  fallen  since  th-.  n,  the  last  price  is  only  an  estimate  of 
the  cost  of  purchasinH'  the  item  now.  Further,  for  items  in  short  supply 
the  actual  value  to  the  Air  Force  may  oe  a  great  deal  more  than  the 

current  purchase  price,  and  for  items  on  which  disposal  action  is  appropri¬ 
ate  the  value  to  t  le  Air  Force  and  on  the  market  may  be  much  less  than  the 

purer. ase  cost  .n  .v.  ""his  illustration  is  nresented  here  merely  tc  show  that 

at  best  any  value  for  the  parameters  will  be  an  estimate. 

Also,  it  is  reiarivoly  easy  to  yet  wed  estLiiates  of  some  parameters 
and  muc''.  harder  to  yet  .’ood  ones  of  oth‘ rs.  One  .of  the  common  problems 
in  applying  improved  management  toenniques  is,  in  fact,  that  the  costs  of 
getting  the  necessary  information  may  exceed  t.ue  value  of  the  improvements. 
One  should  not  spend  more  effort  and  money  In  estimating  any  particular 
parameter  than  it  is  worth. 
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T.'ibl'5s  I'''—!?  nunm.'iriT.''  l''fomi,cit.''c'n  to  provide  some  guidance 

on  the  importance  of  accuracy  of  the  different  variables.  Tables  16  and  18 
use  a  30-day  pipeline  time  and  Tables  17  and  19  &  U-da.y  pipeline  time. 

Tables  16  and  17  cover  a  moderately  low  demand  case:  an  annual  demand  of  ten 
units  per  base  year.  The  tables  are  based  upon  the  distribution  of  demands 
and  prices  shown  in  Table  I  of  Appendix  III.  They  show  the  percentage 
increase  in  cost  resulting  from  using  a  wrong  estimate  of  each  parameter  in 
setting  base  levels.  In  computing  the  tables  values  v^ere  assumed  as  true 
values  for  all  the  parameters  in  equations  (l)  and  (2);  then  R,  i  and  the 
total  system  cost  were  determined  with  the  np'proximate  equations,  given  these 
values.  The  results  and  the  percentage  increase  in  cost  over  the  exact 
equations  appear  at  the  top  and  bottom  respectively  of  each  table.  R  and  Q 
were  then  determined,  with  one  parameter  '•estimated*'  at  twice  or  half  its 
true  value.  The  coats  of  using  this  R  axid  Q  in  the  face  of  the  "true''  para¬ 
meter  value  were  detennined  and  compared  with  the  cost  realized  with  R  anJ  Q 
computed  using  the  true  value.  The  percentage  deviation  of  the  ’’erroneous*' 
Coat  from  the  true  coat  is  shown  in  each  table."" 

The  upper  portion  of  each  table  shows  those  errors  which  tend  to  increase 
stookage  above  what  it  should  be,  and  the  lower  portions  show  tliooe  which  tend 
to  reduce  stcckage.  Thus,  an  over-estimate  of  demand  and  an  under-eatimate 
of  price  are  both  in  the  upper  icrticns.  In  nearly  all  the  cases  shown, 
errors  causing  over-stockage  are  less  costly  than  are  the  corresponding 
errors  resulting  in  under-stockage . 

^Since  the  comparison  is  made  using  the  approximate  formulas  in  a  few 
cases,  where  the  error  in  the  estimate  results  in  levels  closer  to  those  whlcl. 
would  have  been  obtained  with  the  accurate  equations,  the  use  of  an  erroneous 
value  actually  decreases  cost. 
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;  ro- r-:T.  -  r:  •'  T^rr^ct.  Ven-ly  OeiM- nd  of  10) 

30  Day  Pipeline 

I'he  Oorrcct  The  Solution  of  ib.e  Approxixiatior  ronaulas 

jnj'Ut  ata  :  Cori'oct  Input  Data, 


UiiiL  Value  =  v 

^  .30 

t  4.yo 

$300. 'X) 

Cost  I'or  Year 

Y  3.74 

$23.79 

$245.87 

Erroneous 

Input  Data 

The  Solution  vdth  Irij  ut  errors  ..hie};  Cause 
an  Increase  in  the  Average  Stock  Level. 

%  Increase  in  the  Cost  Po:-  Year 

Yearly  De:;'.ar!>.is  = 

2d 

•I.  6 

8.7 

9.3 

iieorder  Cost  = 

2r 

6.7 

-4.1 

-U.6 

Unit  Value  = 

f>V 

7.S 

-1.1 

-  3.9 

Shorta  ‘c  Cost  = 

2s 

1.6 

2.9 

2.4 

Erroneous 

Ini;ut  Data 

The  Solution  vdth 
0  Decrease  in  the 
«  Increase  in  •. 

Input  ;-,rrors  .D-.ich  Cause 
Avoracc  Stock  Level 
die  Cost  per  Year 

Ycarlj-  Dciaands  = 

id 

VO.l 

30.6 

9.8 

Reorder  'ost  = 

1 

0.7 

1.3 

0 

Unit  Value  = 

2v 

9.1 

2.1 

0 

Shorta  ;o  Cost  = 

23 

2.4 

2.6 

9.8 

Poisson  Dist. 

25.4 

1.4 

0 

,«  Incrt;ase  Over 
Foraula 

Exact 

_ _ 

4.9 

36.6 

I’ote:  d  =*  10  T'ne  correct  distrrouuion  is  a  nep;ative 

r  “  5  binoaiial  listribution  with  a  i.^er-n  of  10 

S  *  50  and  a  variance  of  40. 
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Tr...le  17.  Sensitivity  T.'sble  (Usin,"  a  Five  Year 
Pr  -raj.i  Ti  a  uorreci-  Yearly  Douancl  of  10) 

4  Dey  Pipeline 


The  Cori’ect 

Input  Data 

Ti.c  Solution 
u  ■dr.;:  Correct 

of  tr 
InpL 

c  Approximation  Formulas 

Ur  A  • 

Unit  v'alue  =  v 

$  .30 

,  4.  DO 

0300.00 

Cost  Per  Year 

3.06 

ei4.72 

0  95.00 

Erroneous 

In  ‘Ut  Data 

Tne  solution  wit!; 
an  Ii!crer-so  in  the 
!  Increase  in 

Innut  Errors  WCiich  Cause 
Avera-'c  Stock  Level, 
the  Cost  per  Year 

Yer.rly  Dci:;fii,io  = 

2d 

24.8 

13.4 

-  1.3 

reorder  Cost  =» 

2r 

9.5 

-  2.6 

-  1.3 

Unit  V?-lue 

10.1 

-  1.0 

-  1.3 

Sliorta  'e  Cost  = 

2s 

2.3 

4.3 

0 

iCri’oncous 

Input  Data 

Tiie  Solutior. 
a  Decrease  ir 
;■  Increase 

vdth  Iri  ut  Errors  '/rr.ich  Cause 
the  Avera.^e  Stock  Level, 
in  the  Cost  per  Year 

Yearly  Danandr.  = 

.d 

11.1 

23.2 

0 

Reorder  Cost  = 

■ir 

7.5 

12.? 

0 

Unit  Value  = 

2v 

11.4 

23.2 

0 

Shortage  C^st  = 

As 

1.3 

0 

Poisson  Dist, 

6.2 

0 

0 

X  Increase  Over 
ijcact  Formula 

.3 

10.1 

1.8 

Note:  d  ■  10  The  v3orrcc^  Distribution  is  a  ne,!',ative  binomial 

r  »  5  distribution  with  a  mean  of  10  aid  a  variance 

3  *  50  of  40, 
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-10  ’*  Table  18. 

Tear  Program  and 

Sensitivity  Table  (Using  a  Five- 
a  Correct  Yearly  Demand  of  84) 

The  Correct 

Input  r.ata 

The  Solutiofi  o 
usin  '  Correct 

f  the  Apj-roxiru3tion  Lquaeions 
Input  Data. 

Unit  Value  =  v 

3  .30 

5  4. 30 

3  150.00 

Cost  jier  Year 

10. 56 

74.35 

123 5. b5 

erroneous 

Input  Data 

Tlie  Solution  witii 
an  Increa.se  in  the 
Increase  in 

In-  ut  hrrorr.  hhich  Cause 
Avera.-e  Stqck  Level, 
till  cost  per  Year 

Yearlv  Demand  * 

2d 

15.1 

19.8 

34.7 

Reorder  Cost  = 

2r 

2.7 

-  .7 

-  7.7 

Unit  Value  =» 

y 

;  V 

3.5 

.9 

-  3.4 

Shorta  -e  Cost  = 

23 

e  / 

2.3 

4.3 

Lrroneous 

Input  Data 

The  Solution  witli 
a  Decrease  in  the 
•'  Increase  in 

In:  ut  Lrror?  VRiic'n  Cruse 

Avera  -e  Stock  Level, 
tlife  Cost  per  Year 

Yearl;-  Deinand  - 

,.u 

47. 9 

73.0 

47.1 

.leorder  Cost  = 

> 

2.7 

5.5 

4.3 

Unit  Value 

2v 

<'>•  5 

9.2 

0.6 

Si'.ortare  Cost  = 

is 

.9 

2.4 

4.1 

Poisson  Dist, 

55.1 

63.1 

15.0 

%  Increase  CH’er 
Lxact  Formula 

0 

1.0 

13.7 

Note;  d  =  84 
r  -  5 

3  =  50 


The  Correct  distribution  is  nerative  binomial 
vd.th  a  mean  of  84  and  a  variance  of  336, 


Table  19.  Sensitivity  Table  (Ueing  a  Five 
Year  Program  and  a  Correct  Yearly  Demand  of  84) 


.  -  -58 


it  Pipeline 


The  Correct 

In:;ut  Data 

The  Solution  of  the  Appro ;'iniati on  Equations 
Usinr  Correct  In;  ut  Data. 

Unit  V; J  ue  -  v 

S  .30 

>:>  4.80 

$150.00 

Cost  Per  Year 

3.75 

47.77 

518.40 

ijrroneous 

Input  Data 

The  Solution  .ith  In'  ut  Errors  i.T.ich  Cause 
ar:  Ir.creas^  in  tyie  Avera  e  Ctock  Level, 
Increase  in  the  Cost  r  r  Year 

Yearly  DeviCiiC  = 

2d 

7.0 

• 

12.5 

'ieoi'dei'  Cost  = 

2r 

;.7 

.2 

-10.0 

Unit  v’nlue 

.V 

4.1 

1.2 

-  7.0 

3horta  o  Cost  = 

2s 

.5 

1.7 

7.3 

Erroneous 

Input  Data 

ri'.c-  Colutioii  with  In;  ut  -^rrore 
a  Decrease  in  ti’C  Avera-e  .Stock 
Increase  in  the  Cost  per 

uiich  Cause 
Level, 
fear 

Yearly  Demand  - 

:d 

17.5 

25.3 

49.8 

Reorder  Cost  = 

> 

6.1 

7.3 

7.4 

Unit  Value  = 

2v 

7.4 

11,2 

13.4 

S!'.orta  *e  Cost  ® 

is 

1.5 

1.0 

9.0 

Poisson  Uist, 

49.9 

38.0 

9.0 

)o  Increme  Over 

r^ct  r’omula  ,1  ,7  14.2 


:  J  =  34 

a  5 

=»  50 


Note 


r 

s 


The  Correct  distribution  ic  negative  binomial 
with  a  .r.ean  of  34  ^nd  a  vari.  nce  of  336, 
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J.  Doacription  cl'  Data 

The  significance  of  sensitivity  will  be  discussed  further  in  con¬ 
nection  with  t..e  individual  kinds  of  data*  The  data  wlll^be  taken  up  in 
the  order  indicated  in  trie  enumeration' on  Pa(ie  95* 

1.  Identifying  and  Program  Information 

Unit  cost,  stock  number',  noun  and  other  descriptive  information, 
applicability  and  program  information  for  each  item  are  all  necesssr;''  if 
the  proposed  policies  are  to  be  implemented  fully.  Cost,  program  and 
identifying  information  are  required  for  any  reasonable  policies.  Applicability 
and  program  In formation  are  desirable  both  to  improve  the  demand  estimation 
and,  in  particular,  to  make  th(  “final  order”  and  other  “cl./namic*'  computations. 
The  policies  can  be  used  without  these  data,  but  to  the  extent  tliat  it  is 
practical  to  get  tt.e  inforination  the  policies  can  be  used  more  effectively. 

Applicability  Lrifomiation  is  not  systematically  available  on  all  items 
now,  b'it  in  connection  with  other  efforts  to  continue  improving  the  supply 
system  it  is  bein;*.  gathered  and  disseminated  increasingly.  The  other  kinds 
of  infomiatiun  are  currently  available  in  usable  form. 

2.  Demand  Data 

Any  syotem  of  inventory  management  is  based  upon  some  kind  of  pre¬ 
diction  of  demand.  Tables  16-19  show  tnat  errors  in  the  estimation  of 
demand  can  be  very  costly,  especially  If  demand  is  underestimated.  In  the 
examples,  estimating  demand  at  half  its  true  rate  would  result  in 
inventory  costs  of  up  to  78  percent  greater  than  they  should  be.  Conse¬ 
quently,  it  is  worthwhile  to  expend  considerable  effort  in  making  as  good 
estimates  of  demand  as  possible. 
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Demand,  however,  is  one  of  the  moat  difficult  parameters  to  estijnate. 
Errors  of  many  hundred  percent  are  not  unconjmon.  Early  in  a  program,  at 
the  time  of  initial  provisioning,  for  example,  accurate  prediction  is  im¬ 
possible.  As  the  program  develops  every  effort  should  oe  made  to  improve 
the  accuracy  of  the  estimates  from  experience.  This  is  undoubtedly  one  of 
the  major  payoffs  to  be  gained  from  an  integrated  data  processing  system. 

As  was  discussed  earlier  (Chapter  IV),  early  in  a  program  the  depot 
should  not  oe  stocked  up  to  its  full  Stock  Control  Level.  In  this  way 
it  is  possible  to  hedge  against  over-stocking  the  system.  The  idea  is 
to  bring  in  depot  stocks  only  up  to  tlie  fleorder  Point  (with  exceptions 
discussed  above),  and  when  additional  information  about  tue  actual  demand 
for  the  part  is  available  to  bring  the  rest  of  the  depot  st  cks  into  the 
system  ur  to  reduce  the  planned  stockage  for  bases  comini^  in  later.  Unless 
demand  data  are  acc’imulated,  properly  identified  to  exclude  one-time  demands 
and  othei-  peculiarities  and  made  available  to  the  appropriate  manager  early 
in  the  program,  this  way  of  economising  on  initial  provisioning  cannot 
oe  exploited. 

At  the  base  level,  at  present,  it  is  possible  to  get  information  on 
the  recent  issues,  and,  using  this  plus  class  knowledge  and  knowledge 
of  program  changes,  usable  estimates  of  future  demands  can  be  made.  However, 
these,  too,  arc  ct’ude  as  is  indicated  by  the  fact  that  typically  a  very  large 
proportion  of  the  demands  upon  base  supply  are  for  items  which  are  not  stocked 
at  thau  baae.^ 

1 

A  suDshantial  aT.ount  of  researen  nas  heen  undertaken  at  HAND  dealing 
with  tiie  nature  of  demand,  h.  Brown,  Characteristics  of  Demand  of  Aircraft 
Spare  Parts,  The  BAND  Corporation  Report  R-292,  July  1956;  T,  Goldman, 
Relationships  Between  Program  Elements  and  System  Demand  for  Airframe  Spare 

Parts.  The  RAND  Corporation  Research  Memorandum  2U  January  1957; 

T.  Goldman,  A  Priori  Demand  Predlctiur.  -  A  Case  Study  of  3-52  Airframe  Farte. 
The  lAND  Corporation  Research  Memorandum  RiM-208S,  10  January  1958, 


An  error  in  the  mean  der.an<J  rate  changes  both  the  Order  Quantity  and 
the  Reorder  Point  and  chanpes  them  in  the  same  direction.  The  sensitivity 
of  these  levels  to  the  demand  rate  is  greatest  for  high-cost,  hirh-demand 
it«ns  and  least  for  low-cost,  low-demand  items.  Oood  estimates  of  the 
demand  are  more  easily  rrade  for  higli-demand  items  than  for  low-demand  items. 
In  implementing  che  proposed  policies,  therefore,  data  should  be  gathered 
more  carefully  and  in  greater  detail  for  the  higher-cost  items  than  for  the 
lower-cost  items,  A  practice  of  analyzing  demand  (and  re-computing  levels 
if  necessary)  each  time  the  stock-on-hand-or-due-in  falls  to  within  one  unit 
of  the  'Reorder  Point  would  automatically  acco:  plish  this  objective;  under 
the  proposed  policies,  the  average  number  of  orders  a  year  is  nearly  propor¬ 
tional  to  the  square  root  of  the  dollar  value  of  annual  consumption.  For 
example,  if  $200  worth  of  an  item  is  consumed  annually  at  a  base,  the  base 
will  reorder  twice  a  year;  if  1800  worth  is  consu-ed,  thi-  base  will  reorder 
four  times  a  year,  fhus,  riven  the  demand  rate,  the  highicr  the  unit  cost, 
the  more  often  would  levels  be  revised.  An  alternative  is  to  ca:.pute  demand 
and  levels  whenever  demands  exceed  or  fall  short  of  expectations  by  more 
than  some  predetermined  sir.ount. 
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Since  probability  considerations  inOuence  the  iteorder  Point,  the  type 
of  demand  distribution  wi'iich  exists  for  an  item  is  important.  Very  few 
items  have  sufficiently  hi'*h-demand  rates  to  permit  a  reliable  estimate  of 
deciand  distribution  to  be  ;iade  on  an  indiviiual  item  basis,  Prob'bly  the 
best  w'y  to  estimate  derna.nd  distributions  is  to  study  tlie  relatively  hi/^h- 
demand  itans  in  a  particular  property  class  or  functional  ^roup  and  to  find 
the  kind  of  demand  distribution  which  fits  the  data  best.  In  this  way  it 
may  he  possible  to  find  probability  distributions  applicable  to  larrje  mroups 
of  parts. 

Notice  t  rit  in  Table  1?  the  use  of  the  Poisson  distribution,  if  th'  true 
distribution  were  nerative  binomial  vdth  a  variance  e-'ual  to  four  times  the 
mean,  would  introduce  only  rnoderte  errors  except  in  the  lowest  nrice  ranyes. 
For  the  himher  lemand  rate  shown  in  Table  19  the  cost  is  far  raore  sensitive 
to  error  in  selectinr;  the  probability  distribution.  The  greater  sensitivity 
in  the  case  of  the  hif;h-demand  parts  is  at  least  partially  offset  by  the  fact 
that  it  is  easier  to  r,et  a  good  estimate  of  derrmn  i  characteristics  for  high- 
than  for  low-demand  parts, 

3.  Pipeline  TLme 

Both  the  current  and  proposed  system, s  require  pipeline  times;  ahey  are 
nearly  as  important  as  demand  data  in  setting  (eorder  Points  wh:ich  are  based 
on.  the  average  demand  per  pipeline  time.  The  variance  In  pipeline  time  is 
also  needed  to  specify  t-he  probability  distribution  of  demands  per  pipeline 
time,  hut  computationally  tliis  variance  c<?n  be  inaorr  orated  into  the  demand 
variance,  and  the  comments  ,•  bove  on  demand  variance  apply  equally  to  t'ipo- 
line  variance. 

For  the  depot  the  relevant  pipeline  time  is,  of  course,  ’he  contractor- 
depot  pipeline  time  includinr  both  Air  Force  ''■p''  '  anufac^  urer  administrative 
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leadtime,  materials  purchase,  fabrication,  assembly  and  set-uj^  cost  as  appro¬ 
priate,  and  the  transportation,  communication  and  similar  times. 

Data  on  pipeline  times  should  be  relatively  easy  to  collect. 

4.  ar.d  5.  Holding  Costa  and  Keening  Costa 

Holding  cost  is  the  sum  of  the  physical  holding  cost,  engineering  obso¬ 
lescence  and  a  capital  charge.  Keeping  cost  also  includes  these  same 
elements.  A.n  error  in  any  of  these  elements  will  have  exactly  the  same 
effect  as  an  error  of  the  same  proportion  in  unit  cost.^  The  physical 
holding  cost  consists  of  the  cost  of  storing  the  item  in  a  warehouse,  main¬ 
taining  its  static  records,  inventorying  and  inspecting  it  and  complying 
with  the  non-engineering  technical  orders  pertaining  to  it.  These  elements 
of  holding  cost  should  not  be  particularly  difficult  to  ascertain  with 
satisfactory  accuracy. 

Engineering  obsolescence  is  the  expected  cost  that  will  be  incurred  per 
year  in  modifying  the  item.  Statistical  sstimates  of  this  cost  are  possible 
witli  little  difficulty. 

Tiie  capital  charge  is  another  matter.  It  includes  the  interest  rate 
but  is  really  the  oppor' unity  cost  of  capital,  that  is,  a  measure  of  the 
value  lost  to  the  Air  Force  by  not  spending  the  price  of  the  item  in  ques¬ 
tion  in  some  other  way.  '”his  is  a  difficult  concept  theoretically  and  fur¬ 
ther  research  on  it  will  be  needed  before  completely  satisfactory  estimates 
can  be  obtained. 

3ince  the  holding  cost  is  really  an  expression  of  the  value  of  money  to 
the  Air  Force,  it  is  one  of  the  elements  in  the  equations  which  can  be  mani¬ 
pulated  to  apply  certain  kinds  of  policy  constraints  systematically  through- 

^Hence,  holding  cost  and  keeping  cost  errors  are  not  shown  separately 
in  the  Tables. 
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out  the  system.  For  example,  in  the  event  that  the  budget  available  at  some 
particular  time  should  not  permit  stocking  the  system  up  to  the  levels  called 
for  by  these  policies  and  that  it  should,  consequently,  be  necessary  to  re¬ 
duce  stockage,  it  is  not  easy  to  see  how  one  night  best  do  so,  Hy  raising 
the  capital  charge,  3tock  Control  Levels  and  Q  and  R  would  be  reduced  syst«n- 
atically  in  a  n.anner  which  should  cause  minimur.  disruption.  Such  a  step 
would  be  less  dismiptive  than  an  arbitrary  decision  to  reduce  all  stocks  by 
some  specified  percent  for  example, 

Keepin’  cost  includes  holding  cost  and  also  ienends  on  the  length  of 
time  the  item  will  be  kept  at  the  base  or  ^e;.ot  respectively,  and  on  the  net 
salvage  price  at  the  end  of  the  base  or  system  progrwn,  /.n  error  in  either 
of  the  last  two  factors  will  cause  an  error  of  th*.  opposite  sign  in  keeping 
cost  per  unit.  For  example,  if  a  pro-ram  is  e.<pected  to  last  for  four  years 
but  it  Lasts  for  ''ive,  the  keepinr  cost  will  be  somev/hat  larger  and  the  Re¬ 
order  Point  somewhat  lower  than  they  should  be, 

errors  in  holding  costs  affect  the  Order  ■,'uantity,  and  through  keeping 
cost,  the  Reorder  Point,  For  most  items,  errors  in  the  obsolescence  charge 
in  the  keepin  '  cost  have  only  moderate  effect  on  the  Reorder  Point  and  none 
on  the  Order  Quantity.  Hence,  system  performance  is  less  advrrsrly  a'’fected 
by  an  error  in  holding  or  k  eping  cost  than  by  or.e  in  demand  rate  or  pipeline 
tine, 

6.  Reorder  Costs 

Reorder  costs  determine  the  frequency  'Alth  wUch  items  ar-  to  be  ordered 
and  have  less  effect  on  Reorder  Foints  than  do  the  other  factors  discussed  bo 
far;  but  they  a'Tect  the  Order  Quantity  and  the  total  cost  significantly,  up 
to  13  ^  in  one  case  in  Table  17, 
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The  costs  to  be  taken  into  account  arc  all  those  costs  which  are  incurred 
whenever  a  reorder  takes  place,  hut  which  are  ind'^pendent  of  the  size  of  the 
reorder.  For  depot-base  resupnly  they  include  the  paperwork  costs  at  base  and 
depot;  the  costs  of  stockpickinf^,  handlin.”,  packinr  c.nd  shippin;^  the  minimum 
order  (one  ur.it,  or;c  unit  :  ack,  etc.)  at  depot;  th-  corresponHn-  costs  of 
receiving,  liandlinp  rnd  warehousin.p  at  base;  communications  and  accounting 
costs,  Kor  the  procurement  reorder  cost,  th'^  relevant  costs  ar'',  apain,  those 
incurred  whenever  a  reorder  is  pieced  regardless  of  the  size  of  the  order. 

They  include  the  Air  Force  ani  contractor  adminis: rative  costs,  depot  receiv¬ 
ing,  handling,  etc,  -  or  in  the  ev-.nt  of  a  direct  shipment  to  base,  the  cor¬ 
responding  base  cost  -  manufacturer’s  set-up  cost  if  th'  item  is  not  in  pro¬ 
duction,  an.;  the  cost  of  oackin''  and  shipping'  th''  .dnimum  order.  These  should 
be  relatively  e.-  sy  to  estimate  and  because  of  their  Idcited  effect  on  total 
cost  the  effort  required  to  letemine  them  adequately  should  not  be  very  erreat, 
7.  Shortage  Cost 

The  shortage  cost  is  the  most  difficult  of  th"-  parameters  to  estimate. 
Fortunately,  system  performance,  as  measured  b-  cost,  is  fairly  insensitive 
even  to  errors  as  larr-e  as  those  s!:own  in  Tables  16  -  19,  Given  the  insen¬ 
sitivity  of  total  costs  to  th<.  short-  ge  cost  and  the  difficulty  in  obtaining 
accurate  estimates,  perl-.r-ps  a  iesirable  roal  might  be  to  ‘'ind  >5}iorta''e  costs 
within  a  factor  of  two  or  three,  e,  g, ,  an  estimate  of  p1,000  mirht  be  sat¬ 
isfactory  so  long  as  the  true  shortage  cost  lay  between  ^500  and  $2,000, 

As  mentioned  above,  the  fact  tiiot  a  short" cost  m.ust  be  taken  into 
account  does  not  imply  th' t  one  reed  estimate,  tht  cost  of  losin."  a  war  or  of 
not  having  a  critical  weapon  available  in  the  critical  phase  of  the  war  or 
anything  of  the  sort.  It  im- lies  that  it  is  niasonable  to  ^^et  some  estimate 
of  the  avera  e  cost  of  overcoming  a  sicortage.  The  concept  Is  v  ry  similar 


RM-19C2 

4-18-56 

-109- 


to  the  concept  of  havirr;  a  specifi^'d  level  of  confidf^nce  that  a  iemand  vdll, 
in  fact,  be  met. 

One  can  look  at  tlie  shortage  cost  in  any  one  of  three  ways.  First,  it 
can  be  thoufht  of,  as  a  .lininujr.,  as  the  Hvera^re  cost  of  the  supply  and  other 
work  needed  to  overcone  a  si-.ort;'.  e  if  one  occurs.  At  the  base  tl-ese  costs 
Wvuld  consist  of  the  coot  of  seaichin'-  for  the  item  in  maintenance,  receiving 
and  elsewhere  on  the  base,  the  'xtra  cost  of  •  remium  communication  to  and 
transportation  from  the  depot  a.nd  perhaps  most  important,  tVie  coso  of  dis¬ 
rupting  routine  activities,  i'his  would  rrovide  a  ■  inimum  estimate  of  the 
siiortage  cost,  but  in  spite  of  expedited  .  ction  the’-e  is  some  risk  that  a 
weajion  would  be  out  of  cO'  Xni  -sion  because  of  30:  :e  part  sh.ortai.-’es.  The  short- 
are  cost,  therefore,  should  be  greater  than  thr  costs  of  the  expediting 
action.  One  csn  think  of  an  upper  limit  to  the  shortayp-  cost  in  the  foUovf- 
ing  way.  In  the  v/ors  case  if  an  item  is  short,  a  laissile  (or  aircraft)  will 
be  kOCP  (or  AOCP),  (In  some  cases  a  mnintenonce  facility  could  be  iiled,) 
Obviously,  one  way  to  fvoid  the  conseauences  of  -.ucii  a  shortage  is  to  rro¬ 
vide  the  opera,  ion.- 1  unit  with  an  addition"!  weapon  to  stari'i-in  for  the  one 
out  of  co:  Jiiission,  The  cieximura  cost  of  an  expected  part  shorta-e  would  be 
the  cost  of  providing  stand-b’.  weapons  as  a  :  cans  of  overcoming  the  effect 
of  a  shortage.  Of  course,  provi  .ing  a  co  ponent  or  a  bl- ck  box  rather  than 
a  stand-by  weapon  rn'r-ht  -le  a  cor  siderably  1>.:33  costly  way  of  overoo.mlng  a 
shortage  of  ;;.ost-  p.-rts.  In  such  ca  es  the  cost  of  keepin:*  on  hand  the  next 
higiier  assembly  would  constitute  the  shortarr  penalty  for  the  item  in 
question. 

The  purpose  of  the  above  parai:ra:.hs  is  not  to  indicate  how  to  estimate 
the  shortage  cost  but  only  to  show  th.at  it  is  not  an  impossible  concept. 
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Further  research  is  under  wny  at  HAND  and  in  Af'^C  to  ret  usable  estimates  of 
shortage  cost. 

There  is  a  third  v.'ay  of  looklnf'  at  shorts  ^e  cost.  It  c?n  be  considered 
not  as  an  objective  cost,  but  as  a  >vice  whereby  a  policy  d<=ci3ion  can  be 
introduced  systematically  throughout  the  system  or  in  a  part  of  it,  the 
policy  decision  being  to  increase  or  decrease  the  risk  of  a  shortage,  A 
decision  to  decrease  the  chances  of  shortages  throughout  the  system,  for 
example,  could,  if  funds  were  available,  be  affected  by  computing  stock 
levels  with  an  increased  shortage  cost.  Similarly,  greater  protection  for 
high-precedence  units  than  for  low-precedence  ones  could  be  assured  by  using 
differential  shortage  costs  in  computing  t-eir  levels. 

Since  the  shortage  cost  is  not  a  well-understood  concept,  let  us  look 
at  it  another  way,  I  he  estahlislment  of  an  inventory  at  all  implies  that 
there  is  some  shortage  cost.  From  the  lev^.•l  of  thet  inv'.ntorj>-,  one  'lay  est¬ 
imate  tlie  Implicit  shorta-e  ';ost,^  Table  3»  showing  stock  levels,  was  de¬ 
rived  by  asswning  that  demands  during  a  routine  pipeline  time  had  negative 
binomial  .istributions  ..ith  variance  four  timos  the  mean,  20  percent-per- 
annurr.  holiin,’  costs,  ud  a  five-year  program  (35  percent  keeping  costs.) 

Given  the  same  parameters,  the  "67-1"  policies  imply  the  shortage  costs 
shown  in  Table  20.  The  implied  shorta  'e  costs  vary  'rori  three  cents  to  over 
iil,300,  hliat  is  im.portant  about  Table  20  is  not  the  absolute  levels  of  the 
implicit  shortar  e  costs,  /.hi  ;b.  iepend  or  the  deman  i  distribution  used  and 
on  the  holding-cost  rate,  Init  rather  .he  ratio  of  the  r-hortare  c.sst  for  the 
price  on  the  one  hand  nd  the  relationship  of  the  .jhort.s:-e  cost  to  the  demand 
rate  on  the  other,  .Vith  a  30-day  pipeline  time  the  implied  sl;ortage  cost  is 


An  implicit  shortare  cost  is  the  shortage  cost  which  must  • revail  if 
the  levels  are  correct. 
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SlIOKTAGh  COSTS  BY  ”67-1"  POLIGItS  * 


Annual 

Demand 

Xate 

mm 

30-day  Pipeline 

Reorder 

Point 

Order 

Quantity 

Shortage  Cost 

1  1/3 

$  .10 

0 

1 

$  0.03  -  1  0.56 

1  1/3 

5.00 

0 

1 

1.31  -  27.31 

1  1/3 

250.00 

0 

1 

65.62  -1,390.62 

10 

.10 

1 

3 

.03  -  .06 

10 

5.00 

1 

3 

1.70  -  3.07 

10 

250.00 

1 

1 

28.31  -  51.21 

.103  1/3 

.10 

13 

26 

O 

. 

1 

O 

• 

103  1/3 

• 

O 

O 

13 

26 

2.22  -  2.69 

103  1/3 

1 

250.00 

13 

9 

38.36  -  46./.8 

Kote;  The  parajntter  viilues  are  the-  sane  ns  those  used 
in  T'lble  3,  except  for  the  shortage  cost. 


Table  20 
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noarl/  30  timea  aa  great  loc  a  25^>-dolii%r  a.ceai  wlien  the  annual  deraarid  is 
1-1/3  aa  when  that  rate  ia  1C3-1/3*  There  is  no  reason  to  assume  that  a 
single  short3ge  is  that  much  more  imrortar.t  for  a  high-demand  item  than  for 
a  low-demand  one. 

An  Inventorji  system  which  sets  the  Reorder  Point  without  considering 
unit  cost  has  the  implicit  assumption  that  shortage  cost  is  proportionate 
to  price,  that  is,  a  shortage  of  a  5-dc'liar  item  is  treated  as  being  50 
ti^.es  as  serious  as  the  shortage  of  a  10-cent  item,  and  the  shortage  of  a 
250-dollar  item  is  treated  aa  about  25  times  as  serious  aa  the  shortage  of 
a  IG-dollar  item  and  5  times  as  serious  as  the  shortage  of  a  50-doliar  item, 
if  all  three  items  are  stocked.  It  may  well  be  true  that  shortages  of 
higher-cost  items  are  more  serious  than  shortages  of  lc>w-cost  items,  but 
tre  implication  that  shortage  cost  is  proportional  to  price  arjears  to  be 
altogether  unreasonable. 
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VI.  CONaUSION 

This  Memorandum  has  described  a  simple  and  practical  method  for  de¬ 
termining  base  and  depot  stock  levels  in  the  face  of  the  dynamic  and  un¬ 
certain  environment  with  %fhich  the  Air  Force  supply  system  has  to  deal. 

The  method  takes  account  of  the  major  variables  which  must  be  considered 
to  achieve  economical  and  effective  provisioning  and  distribution  under 
such  cirouastances. 

The  logic  of  the  basic  method  is  stralj^tforward.  The  factors  which 
determine  the  costs  and  effectiveness  of  the  supply  system  are  identified 
and  the  manner  in  which  they  affect  cost  —  after  converting  effectiveness 
into  a  cost-equivalent  throuj^  the  use  of  the  shortage  cost  concept  —  has 
been  spelled  out  mathematically.  This  statementf  equation  (I.l)  of  Ap¬ 
pendix  I,  is  the  keystone  of  the  whole  discussion.  It  has  been  "solved" 
to  show  those  values  of  the  Order  Quantity  and  Reoixler  Point  which  would 
provide  the  minimum  system  cost.  The  least  cost  solution  for  the  Reorder 
Point  is  equation  (2),  Equation  (l)  for  the  Order  Quantity  is  an  approxi¬ 
mation  of  the  rigorous  solution  in  the  Appendix  (1.5). 

The  least  cost  statements  which  are  the  subject  matter  of  Chapter  II 
and  of  the  first  Section  of  Chapter  IV  provide  rules  for  provisioning  and 
distribution  where  dynamic  elements  are  not  of  major  significance.  In 
depot  stockage  and  where  the  remaining  life  of  the  program  at  base  is  short 
the  dynamic  elements  must  be  taken  into  consideration.  At  the  base  this 
means  that  the  approaching  termination  of  the  program  nust  be  taken  into 
account  in  determining  the  Reorder  Point  throu|^  the  gradual  increase  in 
the  keeping  cost.  This  is  incorporated  in  equation  (2).  For  the  Order 
Quantltyf  adjustments  in  the  equation  are  required;  the  expected  costs 
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of  holding  additional  operating  stocks  must  be  balanced  against  the  expected 
coet  of  Incurring  an  additional  reorder  near  the  end  of  the  program.  This 
Is  the  subject  of  Chapter  III. 

Depot  stockage  la  dominated  bj  Its  dynamic  aspects.  Early  In  a  weap¬ 
on's  life  the  depot  can  take  adrantage  of  the  fact  that  most  of  the  Items 
In  base  supply  will  be  stocked  adequately  for  relatively  long  periods  and 
the  depot  need  not  stock  up  to  Its  Stock  Control  Level  until  it,  In  fact, 
faces  demands  from  the  bases.  Such  a  practice  would  allow  the  depot  stocks 
to  be  kept  reasonably  small  and  would  reduce  the  risk  of  gross  overprocure¬ 
ment  because  of  serious  over estimation  of  the  demand  rate. 

Deijot  stockage  also  must  reflect  the  fact  that  the  costs  and  lead  time 
Involved  in  procuring  items  Increase  markedly  when  the  item  goes  out  of 
production.  This  and  the  problem  of  phasing-out  the  weapon  from  the  system 
as  a  whole  are  taken  into  account  through  a  terminal  buy  computation. 

The  corrections  for  the  dynamic  aspects  of  the  problem  are  not  rigor¬ 
ously  correct;  but  they  do  take  account  of  the  major  factors  in  the  problem, 
they  are  reasonably  simple  to  Implement  smd  they  do  not  have  excessive  data 
requirements.  Further  they  provide  close  approximations  to  more  elaborate 
dynamic  programning  computations  which  have  been  developed  at  RAND, 

Consequently  the  proposed  policies  appear  logically  sound;  but  without 
actually  implementing  them,  there  is  no  certainty  as  to  how  well  they  will 
really  operate.  Some  effort  has  been  made  to  get  an  empirical  evaluation 
of  the  policies.  The  simple  comparison  in  Chapter  II  with  the  rigid  appli¬ 
cation  of  "67-1”  policies,  indicates  that  the  proposed  policies  promise 
considerable  improvement,  Hcwever,  since  the  policies  in  67-1  are  in  fact 
applied  with  a  good  deal  of  Judgment  and  since  those  policies  have  been 
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changed  in  recent  months,  that  comparison  is  not  particularly  important, 
Purther,  it  covers  only  the  impact  of  applying  the  proposed  policies  at  base. 

A  much  more  meaningful  comparison  has  been  made  in  the  Logistics 
Systems  Laboratory  Project  I  (LP-l).  The  full  details  of  that  experlraent 
will  be  developed  in  other  publications.  However,  because  of  the  fact  that 
it  provided  a  far  superior  serai-empirical  appraisal  of  these  policies  than 
is  available  in  any  other  way,  some  major  features  of  the  experiment  and 
seme  relevant  results  are  sunmarlsed  here. 

The  proposed  policies  were  a  part  of  a  proposed  Logistics  System 
called  the  ”1960  System"  which  also  incorporated  deferred  provisioning  and 
data  processing  innovations.  That  system  was  compared  over  the  sinulated 
life  of  a  weapon  with  the  "1956  System",  The  latter  system  was  developed 
by  Air  Force  personnel,  who  were  members  of  the  Laboratory  staff,  to  re¬ 
present  current  best  practice  in  the  Air  Force,  Thus  the  propooed  policies 
wore  compared  not  with  the  rigid  application  of  the  manuals  but  with  a 
serious  approximation  of  current  Air  Force  practice. 

The  LP-l  comparison  had  the  further  advantage  of  being  a  system  com¬ 
parison.  Bases,  parts  repair  depots,  IRAN  facilities  and  storage  sites 
were  eiU  stocked  in  accordance  with  the  policies  of  the  two  ryeteras. 
Maintenance  and  operational  activities  were  controlled  in  ouch  a  way  that 
the  coraparioons  between  the  supply  systems  would  not  be  vitiated  by  off¬ 
setting  adjustments  in  those  aureao.  Both  logistics  aystems  were  further 
constrained  to  stand  ready  to  "fight"  a  war  at  any  time  during  the  program. 
In  short,  every  effort  was  made  to  make  the  comparison  scientifically  sound 
and  operationally  significant. 
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The  general  reaulte  of  the  comparison  are  shcMn  In  the  following  charts* 
Flf^re  11  compares  some  measures  of  the  costs  of  the  two  systems.  The 
system  In-and-out  movements  provide  some  measure  of  the  routine  supply 
workload  and  the  priority  requisitions,  of  the  expediting  workload  of  the 
two  sets  of  policies.  The  proposed  Category  II  and  III  pdLicies  were  only 
39  and  25  per  cent  respectively  as  costly  as  the  "1956”  policies.  The 
investment  in  parts  was  negligible  (less  than  1  per  cent)  greater  with  the 
proposed  than  with  the  "1956"  policies.  This  is  true  in  spite  of  the  fact 
that  under  the  proposed  p)oliciea  considerably  more,  especially  of  the  cheap 
parts  were  stocked  at  the  base  level. 

Figure  12  provides  the  more  important  comparison  of  the  policies,  on 
the  basis  of  their  supply  effectiveness.  The  "1956"  policies  resulted  in 
2,6  times  as  many  Category  II  and  III  AOCP-days  as  did  the  proposed  policies; 
they  showed  15  per  cent  more  ANFE*s  and  more  than  double  the  number  of 
stockout  days  of  the  proposed  system. 

These  results  do  not  provide  any  final  "proof"  of  the  superiority  of 
the  proposed  policies,  and  certairj.y  they  do  not  prove  that  these  are  the 
best  of  all  possible  policies.  They  are,  however,  evidence  that  the 
policies  are  superior  to  present  policies* 

There  is  a  great  deal  of  interest  at  all  levels  in  the  Air  Force  in 
implementing  policies  such  as  these.  Work  is  underway  with  Headquarters 
AMC  and  Headquarters  USAF  on  such  implementation.  In  the  process  of 
development  and  implementation  in  the  real  environment,  a  great  deal  more 
will  be  learned.  Modifications  and  perhaps  further  simplifications  of  the 
decision  rules  will  suggest  themselves. 
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AOCP-Doys  ANFE-Doys  Stock  out  doys 

Fig  12  —  Supply  effectiveness  implications 
of  proposed  versus "l956"policies 
LP-l  experience  for  cotegones  IT  and  nn  (fourteen  quarters) 
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To  sumnarlse,  the  research  underlying  this  Memorandum  leads  to  the 
following  conclusions: 

A.  Stockage  rules  should  consider: 

1.  Bcpected  mean  demand  for  each  item, 

2.  Variability  of  demand, 

3.  Unit  value, 

4*  Cost  of  incurring  a  reorder, 

5*  Cost  of  holding  the  Operating  Stocks, 

6.  Cost  of  expected  terminal  obsolescence  (termination 
of  the  program  being  supported), 

7.  Expected  shortage  cost, 

8*  Resupply  and  procurement  pipeline  times, 

B.  The  djmamice  of  weapon-system  or  other  program  ]:^ase-in  or  phase¬ 
out  can  bo  taken  into  account  effectively  bj 

1,  Limited  depot  stockage  during  the  early  part  of  a 
program,  subsequently  stocking  the  depot  to  its 
full  Stock  Control  Level; 

2.  Gathering  and  analysing  consumption  data  intensively 
early  in  the  phase-in  emd  reacting  to  that  information; 

3.  Using  a  "final  buy"  calculation  during  the  later 
stages  of  the  program  and  for  some  of  the  least  costly 
low-demand  items  early  in  the  progreun:  and 

4,  Using  a  "terminal  buy"  calculation  at  the  time  when 
an  item  is  expected  to  go  out  of  production. 

C.  With  an  integrated  data  processing  system,  these  results  can  be 
largely  achieved  by  using  the  equations  developed  in  the  mathematical 
appendix.  With  a  manual  data  processing  system  and  local  determination 

of  levels,  tables  based  upon  the  fonmlas  can  be  used  by  clerical  personnel 
to  set  the  appropriate  levels. 
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D.  The  Air  Force  can  increase  supply  effectiveness,  decrease  personnel 
pressures  in  supply  and  achieve  dollar  economies  by  adopting  the  policies 
described  and  proposed  in  this  Memorandtim. 

E.  Because  the  proposed  policies  permit  reduced  management  per  line 
item,  their  use  should  free  management  to  manage  the  more  costly  and 
critical  items  better,  or,  alternatively,  it  mij^t  p>ermlt  reducing  somewhat 
base-level  manning  where  —  as  in  hai*dened-mi8slle  installations  —  there 
is  a  premium  on  personnel  space* 

F.  Further  research  is  needed  at  RAND  to  extend  the  scope  of  the  study, 
and  further  developmental  studies  are  required,  part-icularly  in  the  Air 
Force,  to  derive  adequate  estimates  of  cost  and  other  parameters* 

G.  The  rapid  development  of  an  Integrated  data  processing  system 
will  improve  the  application  of  these  as  well  as  other  supply  policies* 
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Appexxiix  1 

MATHEMATICAL  APPENDIX 

In  Section  A  of  this  Appendix  the  base  cost  equation  for  a  stable 
program  Is  stated.  From  It^  the  Order  Quantity  equation  and  Its  approxi¬ 
mation  are  derlred  and  the  Reorder  Point  equation  Is  derired:  Sections 
B  and  C.  Section  D  Is  a  short  statement  of  the  derivation  of  the  holding 
cost,  and  Section  E  derives  and  explains  the  final  Order  Quantity 
calculation. 
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A .  Fundamental  Base  Cost  Equation  vdth  a  Stable  Pro/^ram 

Let 

P.  “  Reorder  level  for  an  item; 

Q  “  Order  quantity; 

c(H,Q)  -  Annual  variable  cost  of  operating  with  a 

particular  R  and  Q; 

d  -  Average  annual  demand  rate; 

V  “  Unit  price; 

h  -  Annual  unit  holding  cost  as  a  fraction  of 

>anit  price; 

k  «  Annual  unit  keeping  cost  as  a  fraction  of 

unit  price; 

r  -  Reorder  cost; 

s  -  Unit  shortage  cost; 

00 

Zfj  •  Z  (X-R)P(X)  Expected  number  of  shortages 

X-R-1  per  order  placed  if  the  reorder 

level  is  R,  where 

P(X)  -  probability  of  exactly  X  demands 
during  a  routine  pipeline  time. 

Then,  to  a  first  approximation. 


1.1)  c(R,Q)=hv(3^ 


*  k,R  .  ^  Zr- 
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B.  Economical  Base  Order  Quantity 


1.2) 

1.3) 

1.4) 

1.5) 


To  find  the  particular  Q  associated  vdth  minimum  cost, 
?:iven  R,  set 

dc/dH  •  0 


do/dq  ■  ^ 


^  hv  dlr.sZn) 


q2  .  2d(r«82R) 
hv 


Q  -  /2d(r-s2R)  ^ 

fTv 


1.6) 


If  ri  is  chosen  so  that  Zg  ^  0,  1.5  becomes 


Q  «  /2dr 
hv 


1.7) 


I.?) 


The  expected  annual  number  of  orders, 
d 


y 


i/see  AFM  67-10,  p. 
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1.9) 

1. 1C) 

1. 11) 

1. 11a) 

1.12) 

I.l?) 

1.14) 

1.15) 


This  solution  (I.f)  assumes  that  C(R,Q)  is  a  continuous 
function.  However,  fractional  shipments  are  impossible;  there¬ 
fore,  different  equations  must  be  used. 

Subtract  I.l  from 

c(R,Q-l)  -  ♦  kvR  ^  :dr  ♦  ds  7^ 

2  Q_1  «  » 

which  yi^'lds 

c(R,Q-1)  -  c(R,Q)  -  -  ^  -  d(r*sZa)  /  1  \  ♦  d(r»sZR)  , 

\  ^  /  2  q2_q 

Define 

.  .  hv  ■  . 

r  0^ 

If  R  is  the  lowest  coat  Reorder  Level 


2 

Q^-Q  _  '  C 

2  2  €  *hv 

Q  -  1  .  /l  1*1. 

2  V  4  ;)  ♦hv  2  4  hv 

Similarly, 

c(R,Q)  -  c(R,Q  +  l)  -  -  111  :  -  0 

2  Q<!*Q 


1.16) 

1.17) 

I. IF) 

1.19) 

I.2j) 

•  1.21) 

1) 
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hv-2€^  -  . 


Q  -  -  1  .  ^  A  ,  2d(r^3ZR)  ^  A  *  2d(r*sZR)  ^ 

9  v  hv-2€'  -  “ 


Hence; 


-1  ^ 
2 


^  2d(r*sZR) 


/ 


hv 


<  Q<1  \/l  *  2d(rtsZR) 
2^4  - rvv - 


Therefore,  take 


2d(r+8Zp^) 

hv 


For  the  vast  iriajorlty  of  Cost  Category  II  and  III  items, 
sZr  >  0  ,  but 

sZj^  <<  r. 


Therefore , 


closely  approx.! rr^te 3  (l.l^)  for  these  items. 
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C.  Economic  Base  Reorder  Level 


1.22) 


Subtract  (l.l)  from 


c(R-l,Q)  -  hv 


(¥ 


,  .  dr  dSn 

*  kv(R-l)  ♦  Q  -  ^^R-1  . 


1.23)  c(R.l,Q)  -  c(R,Q,)  -  -  kv  -  ^(Zr-1  -  ^r)  , 


1.24) 


Zr  1"  I  (X-R«1)P(X)  -  P(R)  ♦  2P(R*1)  ♦  3P(R^2)  -  ...  . 
X-R 


1.23) 


Zr  -  I  (X-H)P(X) 
^  X“R+1 


P(Ril)  ♦  2P(R*2)  ^  3P(R-3)^. 


Therefore, 


1.26) 


Zn  *  P(H)  *  P(R*1)  ♦  P(R*2)  *  ..."  Z  P(X)  . 
^  X-R 


GO 

Po  -  I  P(X). 


If  Q  is  the  minimum  cost  Order  Quantity 


1.27)  c(R-l,Q)  -  c(R,Q)  -  -  kv  ^R  >  ^ 


p  ^  . 

R  ^  sd 


1.28) 


1.29) 

1.30) 

1.31) 

2) 
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Similarly, 


is. 


c(R,Q)  -  c(R^l,Q)  »  -  kv  ♦  q-Pr*1  <  ^ 


^R*l<  id 


Hence , 


or 


» 


5^p  >  vk  >  sdp 

Q  R  ^  ^  Q-  R*1 
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D.  Deterri'  n''tion  of  the  Holilr,"  Co3t  Ilato  an.i  Keepin;:^  Cost  Rate 

If  la  the  probability  that  an  item  will  become  obsolete 
within  the  next  year  because  of  engineering  changes,  b  is  the 
physical  storage  cost  rate  and  i  is  the  interest  rale  -ien 

1.32)  h  “  1  ♦  b  »  . 

If  Wq  is  small  and  the  item  wdll  have  zero  salvage  value, 
and  if  n  is  the  length  of  lime  (in  years)  remaining  in  the 
base’s  program,  then 
i 

1.33)  k  -  b  >  '  “iTn  . 

1-e 

If  the  item  has  an  expected  salvage  value  of  v^,  then 
V  ^ 

1.^4;  k  =  b  ♦  i  _®  -el  -  -1  -  I  . 

’  ’  \  / 
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E.  Ad.luatln/^  Q  for  Short  Programs 

As  discussed  in  the  text  it  is  desirable  under  some 
conditions  to  compute  Q  taking  account  of  the  pending 
termination  of  the  program  which  the  part  in  question 
supports.  While  there  is  no  rigorously  defensible  cut 
off  value  of  Q  beyond  which  the  '’final*’  order  calculation 
should  be  made,  an  examination  of  arithmetic  examples 
indicates  that  whenever 

1.35)  Q  -  y.d  , 

where  n  is  the  time  in  years  to  the  end  of  the  program, it 
is  cheaper  to  make  one  more  shipment  than  to  make  two. 
Where  '-j  Is  large  relative  to  nd  equation  (l)  does  not 
accurately  estimate  the  savings  in  the  reorder  cost  from 
increasing  the  order  quantity  incrementally. 

Two  examiples  serve  to  illustrate  the  point: 


In  both  cases,  assume  that  the  base  has  a  five-year 
program  during  which  it  will  use  the  item  and  that 
the  i  tern  has  a  negative  binomial  demand  probability 
distribution  with  variance  four  times  the  mean. 

I.  Expected  annual  demand  =  10  units; 

Expected  total  demand  ■  SO  units. 

With  the  "long-program"  assumption  of  Section  II,  the 
average  number  of  orders  placed  during  a  five-year 
period  is  reduced  by  0.13158,  i.e.,  50/19  -  5C/2C,  if 
the  order  quantity  is  20  \inits  instead  of  19  units. 

Actually,  the  expected  number  of  orders  is  reduced  by 
(..13311,  i.e., 

cXD  00 

I  -  I  P(20J) 

j.C 


The  long-pro(?ram  assumption  underestimates  the  saving 
in  the  number  of  orders,  and  therefore  understates  the 
savings  in  reorder  costs  which  can  be  expected  by  making 
the  order  quantity  20,  instead  of  19.  The  error  in  the 
expected  number  of  orders,  however,  is  0,13311  -  0.1315^?  ■ 
0.00153  which  is  only  1.15  per  cent  of  expected  savings. 
Errors  of  this  magnitude  will  have  very  little  effect 
on  base  stock  levels. 

II.  Expected  annual  demand  *  1-1/3  units; 

Expected  total  demand  •=  6-2/3  units. 

The  long-program  assumption  implies  a  reduction  in  the 
number  of  orders  of  C. 01754  if  20  is  the  order  quantity 
instead  of  19. 

The  actual  reduction,  however,  is  only  0.00694.  The 
saving  in  reorders  per  item  is  overestimated  by  0.01C60, 
or  151  per  cent,  which  is  large  enough  to  cause  sub¬ 
stantial  overstockage. 


Furthermore,  in  Case  I,  the  probability  that  the  item  will 
be  ordered  at  least  once  more  (after  this  order)  is  0.996  or 
0,997,  so  the  assumption  that  the  item  will  be  ordered  at  least 
once  more  is  a  good  one.  In  Case  II,  however,  the  probability 
that  the  item  will  be  ordered  at  least  once  more  is  only 
0.026  or  0.032;  and,  hence,  our  second  assumption  is  very 
bad  in  Case  II. 

Thus,  a  different  method  of  computing  the  order  quantity  is 
needed  when  the  order  quantity  found  from  equation  (l)  is  nearly 
as  large  as  or  larger  than  the  total  expected  demand  at  the 
base  over  the  remainder  of  the  program. 

To  determine  the  final  Order  Quantity,  Qp,  assume: 

1.  That,  if  a  reorder  is  saved  by  shipping  the 
additional  unit,  it  is  saved  at  the  very  end 


of  the  program;  and 
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2.  That  the  adlitional  imit  is  certain  to  be 
stored  at  the  base  until  the  end  of  the 
program. 

The  total  expected  savings  from  adding  a  unit  to  a  current 
shipment  are  the  discounted  cost  of  a  shipment  of  one  unit  at 
the  end  of  the  base^s  program,  multiplied  by  the  probability 
that  the  unit  vdll  save  a  reorder.  The  total  costs  of  shipping 
the  unit  now  are  unit  cost  plus  the  discounted  cost  of  storage. 

If  the  expected  savings  from  shipping  an  extra  unit  now  are 
greater  than  the  expected  costs,  the  unit  should  be  shipped. 

If  savings  are  less  than  costs,  the  unit  should  not  be  shipped. 

This  statement  is  summarized  by 


1.36) 


r*P-,.^  >  h*  >  r»P^p 


K-here  Qp  •  the  economical  '*final'*  order  quantity, 

r*  *  tlie  discounted  cost  of  a  shipment  of  one  unit^ 
at  the  end  of  the  program; 

h*  «  the  discounted  cost  of  holding  one  unit  from 
now  until  the  end  of  the  program; 

P  *  probability  of  Qp  or  more  demands  from  row 
^  until  the  end  of  the  program. 

and 

1.37}  r*  -  (r‘v)e~^^‘  . 

Also,  if  the  salvage  price  is  zero, 


h» 


V.  i.x 
<  ' 
\ 


I.3P) 
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Appendix  II 
SAMPLE  BASE  TABLES 


This  Appendix  conalate  of  aix  baae  tablea  reflecting  different  pipeline 
tlmea  and  ahortage  coats ,  but  otherwise  baaed  on  the  aaaie  aeaumptlona  aa 
Table  3  in  the  text,  comparing  them  the  re£Lder  can  get  a  detailed  ls>- 
presaion  of  the  effect  of  differencea  in  these  ralues  over  the  whole  array 
of  prices  and  demand  rates.  Of  course,  only  the  Reorder  Point  is  affected 
by  shortage  coat  and  pipeline  time  in  the  approximations  upon  which  these 
tablea  are  based.  Consequently,  tables  of  just  Reorder  Points  rather  than 
tables  including  the  Order  Quantity  would  have  been  adequate  for  just  this 
purpose.  It  was  deemed  better  to  show  the  full  tables  to  p>ermit  other  com¬ 
parisons  and  to  show  how  the  relationship  between  R  and  Q  is  affected  by 
different  values  of  the  shortage  cost  and  pipeline  time. 

Comparisons  of  the  effect  of  differences  in  the  values  of  the  other 

parameters  (other  than  the  frequency  distribution  and  the  variance)  can  be 

0 

made  visuajly.  Thus,  using  any  one  table,  the  effect  of  different  values 
of  d  and  v  can  be  readily  determined  by  comparing  rows  or  columns.  The 
effect  of  differences  in  h  and  k  can  be  made  in  the  same  way,  since  price 
is  multiplied  by  h  and  v.  Thus,  doubling  h  has  exactly  the  same  effect 
uj)on  Q  as  does  doubling  v.  Similarly,  a  change  in  k  (with  h  constant)  has 
the  same  effect  upion  R  as  does  a  change  of  the  same  proportion  in  v.  Changes 
in  h  have  a  more  complex  effect  upon  R  and  cannot  be  read  easily  from  the 
tables. 

Lastly,  the  Order  Quantity  increases  as  the  square  root  of  the  reorder 
cost.  So  the  effect  of  differences  in  the  Reorder  Point  can  be  determined 
by  inspection.  The  effect  of  changes  in  r  upon  R  are  indirect  and,  over 
most  of  the  cells  In  any  of  the  tables,  small. 
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Appendix  III 

The  follovflng  tables  show  the  relationship  between  stock-list  price 
and  numbers  of  units  Issued  for  B-47  and  7-86H  spare  parts. 

The  data  are  classified  according  to  the  cells  of  Table  3,  with  number 
of  units  issued  converted  to  annual  rates. 

The  B-47  data  were  obtained  at  March  and  McDill  Air  Force  Bases  during 
1953  and  1954.  They  represent  approximately  18  base  months*  experience. 

The  F-86H  data  were  obtained  from  Clovis  Air  Force  Base  during  1956 
and  renresent  about  six  base  months*  experience. 

In  both  cases,  items  with  no  Issues,  on  which  prices  were  not  available, 
or  which  had  units  of  issue  other  than  "each"  (e.g.,  pounds,  feet)  were 
excluded. 
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